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Crofts share ie inted Gear Unit 
Floating Drive (live shaft) construg 
Fitting or removal is simple. “Tha 
machine shaft where it is securely fc ‘ : 
Baseplates or Couplings are anak The Torque Reaction Bar anchors 
the unit and provides adjustment for the V belt drive. 
Bushes are available to accommodate a wide range of shaft diameters. 


Units can be fitted with Taper Bush Pulleys which can be quickly changed 
to give alternative speeds. 

Motors may, in specially selected cases, be mounted on the gearcase 
providing a completely self-contained drive, as illustrated. 


Crofts Shaft Mounted 
Gear Unit with in- 
tegrally mounted 
motor. 
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Higher output...works faster... 
longer... 
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These are the facts 


BETTER visibility 

Very wide angle of vision—225° (280 
with back and side sliding doors open). 
Finger-light controls; modern roomy 
cab. Tracks independently steered for 
greater control. 


LOWEST price 

When you’ve compared the features of 
the BK-Fifty with those of other exca- 
vators, compare the price. You’ll find 
it’s lower than you expect. 


HIGHEST output 

The BK-Fifty really gets things moving! 
Using a face shovel attachment in soft 
earth, for example, it will shift as much 
as 80 90 cubic yards an hour. 


How’s this for mobility! 


For rapid deployment. the BK-Fifty 
can be truck-mounted. Depending 
on chassis used, boom and bucket 

(or crane jib) can be lowered 

to travelling height of less 

than 11 ft. 6 in. 


BOX No. 


GREATEST flexibility 

Choose from these easily-fitted BK-Fifty 
attachments—face shovel, drag shovel, 
skimmer, dragline, grabbing crane, lift- 
ing crane, or pile-driver. Each attach- 
ment correctly designed for its own 
specific purpose. 


HARDEST worker 

Day in, day out the BK-Fifty keeps on 
going with the minimum of main- 
tenance. High-grade alloy steels, pre- 
cision-cut gears and fine engineering 
design throughout. Perkins L4 4- 
cylinder 50 b.h.p. diesel gives power to 
spare. 


FINEST service 

At a minute’s notice a BK service 
engineer will be sent almost anywhere. 
You need carry no spares, for Blaw Knox 
have strategic stocks at various points 
throughout the country. Many parts— 
clutches, bushes, ball races and certain 
gears—are interchangeable. 


EARLY DELIVERY 
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BK-FIFTY 
HALF CUBIC YARD 
EXCAVATOR 


This fully revolving excavator digs and dumps at high 
speed in any direction. Because of its quick convertibility, 
it is quite at home working in sand and gravel pits, open- 
cast mines, on building works, roads and water under- 


takings. The many 


carefully-planned constructional 


features result in a high output of work for a low fuel 
consumption. Compactness and short tail radius make it 
an ideal machine for use in confined spaces. When you 
standardise, standardise right with the BK-Fifty. 





We should be pleased to 
show you a BK-Fifty in 
operation in your area. 

first step may we send you 


full specifications and 
details? Write to:— 
Box No. 168, Blaw Knox 
Limited, 90/94 Brompton 
Rd., London, S.W.3. 





THE PROOF OF THE BK-FIFTY 
IS IN ITS PERFORMANCE 
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Development of Nuclear Power 


On Tuesday last, the James Forrest lecture 
was given at the Institution of Civil Engineers 
Sir John Cockcroft, the director of the 
Atomic Energy Research Establishment. Sir 
John briefly recalled some of the important 
discoveries in the history of nuclear physics, 
and then went on to give a detailed account of 
the development of nuclear reactors, such as 
the “ B.E.P.0.” reactor at Harwell. How the 
experimental work with these installations led 
up to the nuclear power programme recently 
announced in a Government white paper was 
then explained, with some comment on the 
choice of the graphite-moderated reactor at 
nt used. Sir John then went on to discuss 
the possibilities of variants such as the water- 
moderated and fast-breeder reactors. The latter, 
he pointed out, showed the best promise from 
the physicist’s point of view of approaching the 
theoretical limit of energy obtainable from uran- 
jum, but the engineering problems were extremely 
formidable. Sir John quoted estimated figures 
for world power demands and coal resources 
going into the next century, and stated that 
the total world power demand could then be 
met by a very moderate annual consumption 
of uranium ; he looked forward to the time 
when development of the fusion processes with 
the light elements would give an inexhaustible 
source of power. 


Institution of Metallurgists 


THE annual general meeting of the Institution 
of Metallurgists was held in London on Wednes- 
day afternoon. At it, Professor F. C. Thompson 
was elected president of the Institution. In his 
presidential address, Professor Thompson said 
that it would be idle to deny that in some measure 
the facts, the theories and the techniques of 
chemical and physical science were the tools 
with which the metallurgist worked. It was 
important, he added, to inquire what metallurgy 
really was and to see what were the justifications 
for considering it as a distinct branch of science 
in its own right. Professor Thompson went on 
to refer to the “‘ purely material justification,” 
which he summed up as the provision for the 
use of other sciences and technologies of the 
materials on which their very existence depended. 
It had become almost a platitude, Professor 
Thompson continued, to say that the whole 
history of civilisation was the history of man’s 
knowledge of, and mastery over, the metallic 
elements. That, however, was a fact which had 
been true in the past and was never more so than 
to-day. A field of knowledge and human activity 
of such universal importance and of such 
significance in other aspects of scientific work 
was surely worthy of recognition both in the 
social as well as in the purely scientific fields. 
Towards the end of his address, Professor 
Thompson made reference to the growth and 
development of the Institution since its formation. 
He went on to say that with the growth of all 
sciences and technologies, the time came when 
the individual must devote his thought and 
work more and more to some relatively restricted 
section of his field. He asked therefore whether 
the time had now come when the Institution 
of Metallurgists might take into its consideration 
the encouragement of post-graduate studies, 
by the award of a diploma or other qualification 
to those who, in addition to their “ broad 
training,’ had made such further specialised 
study of some one of the main branches of 
metallurgical science that they could be regarded 
as masters init. Professor Thompson said that 
what he, personally, had in mind was an award 
not altogether unlike the general American 
degree of Master. Such an award would be 
obtained on a course of study which included a 
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substantial element of experimental work. But, 
Professor Thompson emphasised, any such 
special award which the Institution might 
initiate should be restricted to those who had 
already been accepted as satisfying one of its 
own standards for admission. 


Institution of Mining and Metallurgy 


Tue council of the Institution of Mining and 
Metallurgy has announced the award of the 
Institution’s gold medal to Emeritus Professor 
W. R. Jones, a past-president, in recognition of 
his services to the science of economic geology. 
Professor Jones was elected to associate member- 
ship of the Institution in 1916 and became a full 
member three years later. In the earlier part of 
his career he was assistant government geologist 
to the Federated Malay States, general manager 
in Burma of High Speed Steel Alloys Mining 
Company, Ltd., and managing director of the 
Malayan China Clay and Pottery Company. In 
1926 Professor Jones was invited to join the 
lecturing staff of the Royal School of Mines, and 
in 1941 he became professor of mining geology. 
He was Dean of the Royal School of Mines from 
1945 until his retirement in September, 1947, 
when he was accorded the title of Emeritus 
Professor. Professor Jones’s work has included 
investigations into the causes of silicosis and 
pneumoconiosis among miners in South Wales. 
In more recent years he has been active as chair- 
man of a working party appointed in 1946 to 
advise on the revival of the china-clay industry 
in Great Britain, and as a member of the mineral 
resources committee of the Ministry of Fuel and 
Power. Professor Jones is also consulting 
geologist to a company formed by the Govern- 
ment of Eire to investigate the mineral resources 
of that State. Another announcement’ made by 
the Institution is that honorary membership has 
been accepted by Sir Winston Churchill, K.G., 
Mr. G. A. Denny, and Dr. J. B. Tyrrell. 


International Dock and Harbour Congress 


Tue Permanent International Association of 
Navigation Congresses is to hold its next congress 
in London in 1957. The British organising 
committee for the 1957 congress is under the 


‘presidency of Viscount Waverley, chairman of 


the Port of London Authority, and arrangements 
for the congress are now going ahead. The last 
congress was held in Rome in 1953 and was the 
eighteenth congress organised by the Associa- 
tion ; the first one was held in Brussels in 1885. 
The British National Committee of the Associa- 
tion (of which Mr. Shepherd Barron is chairman) 
considers that the comparatively small member- 
ship in the United Kingdom is “‘not consonant 
with the country’s interests ‘and traditions as a 
maritime and seafaring nation,” and that an 
increased membership would bring benefits in 
the international exchange of technical informa- 
tion on the construction and operation of har- 
bours, ports and waterways. All such aspects 
of port and harbour work are potentially sub- 
jects for discussion at the congresses ; subjects 
of current importance are selected and each 
country contributes papers accordingly. The 
address of the secretary of the British section of 
the Permanent International Association of 
Navigation Congresses is at the Institution of 
seg Engineers, Great George Street, London, 
S.W.1. 


Institution of Water aginears 


Tue Institution of Water Engineers held its 
summer meeting at Richmond, on Wednesday, 
May 18th, and on the following day, at the 
invitation of the Metropolitan Water Board, 
members were able to visit the Board’s Hampton 
works and the 90 m.g.d. filtration plant under 
construction at Ashford Common. The Institu- 


tion’s presidential address was delivered on 
Wednesday by the new president Mr. H. R. 
Lupton, who spoke of some of the problems 
confronting the water industry, and hinted at 
the directions in which he thought solutions 
should be sought. The progress of research 
in the water industry, and in particular the 
newly-formed Water Research Association, were 
referred to by Mr. Lupton. He then went on 
to speak of the relationships between the various 
branches of the industry, and its organisation. 
There were some 930 water authorities in the 
country, he noted, and there seemed to be no 
doubt that efficiency would in many cases be 
improved by union with neighbouring under- 
takings, a development he greatly preferred to 
nationalisation. Mr. Lupton also spoke of 
incentives, the growth of specialisation, and the 
importance of basic engineering principles. 
Two papers were also presented for discussion 
at the meeting. One of them was entitled 
**Manchester Waterworks, 1945-1955,” and 
was by Mr. A. Atkinson; the second was 
entitled “‘ Ashford Common Works with par- 
ticular reference to the pumping plant,” and 
was by Mr. F. Wood. Mr. Wood briefly des- 
cribed the layout of the new filtration works, 
and went on to give an exhaustive account of 
the plant installation—pumps, valves, generators, 
diesel engines, gas turbines, switchgear and so on. 
Installation of this comprehensive plant layout 
is now nearing completion. 


Fire Research in 1954 


Tue work of the Fire Research Organisation 
of the D.S.LR. and the Joint Fire Offices’ 
Committee during 1954 included the study of 
actual outbreaks of fire, the analysis of statistics 
of fires and research into the various aspects of 
the problems of fire-fighting. Factors bearing on 
the initiation and growth of fires, structural 
aspects of fires in buildings, special fire hazards 
and the improvement of fire-fighting equipment 
and methods, are commented upon in the annual 
report of the Fire Research Organisation, which 
has just been published. The technique developed 
at the Fire Research Station, whereby the pro- 
pagation of fires can be studied with small-scale 
model buildings, has been used with satisfactory 
results in exploring the possibilities of certain 
new’ types of construction, it is stated, and con- 
siderable progress has been made in the develop- 
ment of a test to assess the fire hazard of roofs. 
With the introduction of new forms of roof 
construction, it is considered that there is an 
increasing need for a test of this kind. Further 
work is described on the fire-resistance of pre- 
stressed concrete and on a method of extinguish- 
ing fire in large petrol tanks by injecting foam 
at the base of the tank. It was feared that it 
would be necessary to use a special kind of foam- 
making equipment for this purpose, but a way 
has now been found of making foam of the 
quality that is necessary for injection at base of 
petrol tanks by using the standard appliances. 
It- has been found possible to improve the 
efficiency of nozzles for the application, of 
chlorobromomethane for extinguishing large 
spillages of petrol. -The possibility of adding 
wetting agents to water for fire-fighting purposes 
has been re-examined, but it seems that they are 
not likely to be of practical value apart from 
certain exceptional circumstances, the report 
states. Further experiments were also carried 
out on fires initiated by small sources of ignition. 
It seems that if a source of ignition is buried at 
the centre of a pile smouldering can continue 
often unsuspected, for periods roughly pro- 
portional to the size of the heap. It has been 
calculated that with a heap 30ft in depth it might 
take three or four years before smouldering 
reached the surface. 
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Vertical Boiler Locomotives 


By R. A. S. ABBOTT* 
No. I 


The study of the history of the industrial locomotive is a fascinating subject, quite 

outside the scope of ordinary railway and locomotive literature, and one which 

offers a wide field for research. For many years the writer has made the industrial 

and light locomotives with vertical boilers his special interest, and as no previous 

history of this type of locomotive has ever been published it is hoped that this 

excursion into a little explored by-way of locomotive engineering will prove welcome 
to both the engineer and historian. 


HIS article does not pretend to be more 

than its title indicates, namely, a historical 
review, and not a technical treatise on the 
merits or otherwise of vertical boilers in 
locomotive practice. 

The literature relating to this type of 
locomotive is meagre, and is limited to 
scattered references in certain engineering 
journals ; recently, however, much additional 
historical matter has been obtained from 
official sources and what follows, therefore, 
is an attempt to present in a concise form as 
much information as possible. 

It will be observed that the writer has con- 
fined his researches to those locomotives 
built by British firms only, and it has not 
been considered necessary to include certain 
illustrations which are easily available else- 
where. 

Likewise, only brief descriptions are given 
of those designs that have been dealt with 
already in the. technical Press. 


** PERSEVERANCE ” 

Of the four locomotives entered for the 
famous Rainhill trials, held under the auspices 
of the Liverpool and Manchester Railway, 
one had a vertical boiler. This was the 
** Perseverance,” built in 1829 by Timothy 
Burstall of Leith, an engineer who had 
previously built two steam road coaches. 
Until recent years few details of its construc- 
tion were known except that the boiler was 
not tubular, but the late Dendy Marshall 
finally discovered a lithograph in the posses- 
sion of Mr. Charles Dollfus, of Paris, which 
is now generally considered to represent this 
locomotive. This illustration is reproduced 
on page 63 of Two Essays in Early Loco- 
motive History, by Dendy Marshall. Apart 
from the wheels being uncoupled and of 
rather large size, combined with a boiler of 
small diameter, the general layout was similar 
to that of most makes of vertical boiler loco- 
motives subsequently built during the nine- 
teenth century—a rather remarkable feature. 
This locomotive met with an accident when 
being unloaded at Rainhill, in consequence 
of a chain coming loose, with the result that 
it fell to the ground and fractured one of the 
cranks, together with a pipe. The Board 
of the Liverpool and Manchester Railway 
afterwards presented Burstall with £25 in 
aid of his expenses. 


“TWIN SISTERS” 

A locomotive called the ‘‘ Twin Sisters ” 
was the first six wheeled engine supplied by 
Robert Stephenson and Co., at a cost of 
£550 to the Liverpool and Manchester 
Railway Company. It had two vertical 
boilers placed one behind the other and 
cylinders at the rear inclined downwards 
with the connecting-rods driving on to 
crankpins on the leading wheels, all six 
wheels being coupled by side rods. Accord- 
ing to a letter written on December 1, 1828, 


* Member, Newcomen Society ; Member, Industrial Loco- 
motive Society. 





by Robert Stephenson at Liverpool to 
Michael Longridge, the boilers were made 
at Laird’s boiler works in Liverpool and 
shipped to Carlisle for transportation to 
Stephenson’s works at Newcastle. These 
boilers were intended to burn coke. 

The completed locomotive was dispatched 
on July 2, 1829, the works number being 13, 
and the Manchester Guardian of July 25th 
refers to it in these words: “ This engine, 
which is one constructed by Mr. Stephenson, 
the engineer of the railway, arrived about the 
time we mentioned and has since been 
regularly at work. We have had several 
opportunities of seeing it and consider it 
decidedly the best locomotive engine we have 
ever seen. It has two cylinders, each 9in 
in diameter, with a stroke of 2ft and works 
at a pressure of 501b on the square inch. 
We have more than once seen it driving 
before it twelve wagons, each weighing a ton, 
and each carrying 4 tons of clay ; and when 
propelling this weight, amounting altogether 
to 54 tons, it travelled with great ease at the 
rate of 6 or 7 miles an hour....” This 
locomotive was used during the construction 
of the railway and afterwards for ballasting 
purposes. The only known illustration of 
this locomotive is an incomplete original 
drawing reproduced in A Century of Loco- 
motive Building, by Robert Stephenson and 
Co., page 155, and no contemporary technical 
description is known. 

A second, but smaller, locomotive of this 
type was designed for William Forman, of 
Penydarren Iron Works, and intended for a 
3ft gauge tramroad. The original drawing 
is reproduced in A Century, page 157, but 
it is doubtful whether this locomotive was 
completed in its original form as another 
drawing dated July, 1828, shows an alternative 
suggestion for a single horizontal cylindrical 
boiler, while other drawings still preserved 
show further proposals for altering this 
locomotive to a wider gauge of 4ft 6in. 
This locomotive, which carried works No. 16 
and cost £375, was delivered on July 18, 1829. 


** UNION ” 


Messrs. Rothwell, Hick and Co., of 
the Union Foundry, Bolton, constructed for 
the Bolton and Leigh Railway in 1830 the 
locomotive ‘‘ Union.” This locomotive, 
in addition to having a vertical boiler 
with a spiral flue, had the cylinders and 
motion arranged in a very unorthodox 
position ; there was a horizontal cylinder 
high up on either side of the boiler, but not 
fixed to it, and driving forward on to a 
rocking lever from the lower end of which a 
connecting-rod drove a crank on the rear 
wheel. According to Wishaw, the cylinders 
were 9in diameter with a stroke of 18in, and 
the driving wheels 5ft in diameter, while the 
leading wheels are given as 3ft in diameter. 
The only known drawing of this locomotive 
is that shown in Theodore West’s Paper, 
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“‘An Outline History of the Locomotive » 
read before the Cleveland Society ty 
Engineers on March 1, 1886. This drawing 
is reproduced on page 72 of Two says jy 
Early Locomotive History, and is zenerallh 
considered to be substantially “corte, 
although the leading and driving wiicels ap 
shown approximately the same size. 


“ EXPRESS ” 


W. Bridges Adams is famous for hayip 
produced at his Fairfield Works, Bow, ti 
earliest examples of steam railcars, but also 
among the light locomotives built there were 
two that can reasonably be considered 
eligible for inclusion here. The first of these 
is well known, the “ Express,” built for the 
Eastern Counties Railway. It was delivered 
to the company in April, 1847, and was 
not intended for traffic purposes, having been 
specially designed for the use of the engineer 
and his staff to facilitate the carrying out of 
their duties of inspection. 

This locomotive, which was illustrated and 
described in The Locomotive for May 3 
1903, page 368, consisted of a four-wheeled 
carriage, with the engine and boiler in the 
forward part, and seating accommodation 
for seven persons in the rear. The uncoupled 
wheels were 3ft 4in in diameter and the total 
length of the machine was 12ft 6in. Two 
cylinders, 34in diameter, with a stroke of 
6in, were placed one on each side of the 
boiler, inside the frames, and presumably 
drove the front axle. F 

The boiler was vertical, with a diameter of 
ft 7in and a height of 4ft 3in ; it contained 
a firebox Ift 4in in diameter by 1ft 2in high, 
with thirty-five tubes 3ft 3in long and | 4in in 
diameter. The heating surface was : tubes, 
38 square feet ; firebox, 5-5 square feet; 
total, 43-5 square feet. A water tank, to 
hold 40 gallons, was placed under the seats, 
and the total weight with coke and water was 
said to be only | ton 5 cwt 2 qr. 

Records of a second and later locomotive 
of this type were brought to light by the 
late A. R. Bennett when compiling the 
famous Chronicles of Boulton’s Siding, and 
illustrations of it will be found on pages 236 
and 237 of that book. The locomotive had 
an upright boiler and the general external 
layout was similar to “* Express,” but 
internally it was very different in that only 
one inside cylinder was fixed under the foot- 
plate and drove on to the rear axle througha 
centrally placed crank, steam distribution 
being by stationary link motion. The 
cylinder was 4}4in diameter with a stroke of 
Yin. The boiler was 4ft 6in high by 2ft 
diameter, and worked at 1301b pressure. 
The four 3ft Sin diameter wheels were 
uncoupled, on a wheelbase of 7ft 6in, and 
the frame, of oak, was 3in thick and 12in 
deep, hung below the axles on four half- 
elliptic springs ; total length of vehicle 12ft. 


THE First ASHFORD LOCOMOTIVE 


The Ashford locomotive works of the 
South-Eastern Railway were opened in 184), 
and during that year a certain amount of 
repair work was undertaken there, but in 
1848 construction began on the first loco- 
motive actually completed in the new works. 
This was a locomotive remarkable for its 
vertical boiler and small dimensions, and 
was designed for the use of the directors and 
chief engineer on their periodical tours of 
inspection. Carrying the No. 126 it possessed 
outside cylinders 53in diameter by 9in stroke, 
3ft 6in diameter uncoupled wheels, and 4 
boiler of 2ft 6in diameter. 

This locomotive is illustrated here in Fig. |. 
The tank capacity was 130 gallons and the 





Fig.{1—First locomotive built at Ashford Works, S.E.R., 1850 


iriver stood in a recess immediately over the 


axle of the carrying wheels. The construc- 
tion of this locomotive had been started in 
the old workshops at Bricklayers’ Arms and 
ifter transfer to Ashford it remained a stock 
job until its completion in 1850. The late 
A. R. Bennett has recorded in The Chronicles 
of Boulton’s Siding that he frequently saw 
this locomotive in the London area during 
1858-9, and that it was capable of a fair turn 
of speed. To the staff it was known as the 
“Flying Dutchman ” and its active railway 
service lasted until 1861, when it was sent to 
Redhill for pumping duties. According to 
the “ Ashford Works Centenary” booklet 
iis design is attributed to a marine engineer 
of the name of Fernihough. 


COALBROOKDALE LOCOMOTIVES 


It is well known that the famous Coal- 
trookdale Company built a number of loco- 
motives for use at the Dale and associated 
works, and of these three were for use on the 
2t 4in gauge tramplates from the Dale works 
lo Lightmoor, the Castle Works at Dawley, 
and thence to Horsehay. The first of these 
larrow-gauge locomotives was a_ vertical 
boiler design, but in spite of much diligent 
local inquiry no details of its construction 
have come to light. 


TENNANT LOCOMOTIVES 


Messrs. T. M. Tennant and Co., of Leith, 
built a number of vertical boiler contractors’ 
locomotives, but the writer has been unable 
to trace any details ofthem. This firm was well 
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known as the build- 
er of the Thompson 
three-wheeled road 
steamers from 1867 
onwards, and_ these 
engines were fitted 
with patent vertical 
*“pot”’ boilers, the 
fireboxes of which had 
a large copper sphere 
suspended from the 
crown. At a later 
date this design of 
boiler was discarded 
for one of the ‘‘Field”’ 
tube design. Whether 
either of these two 
kinds of boiler were 
used on their con- 
tractors’ locomotives 
is not known. A 
sectional drawing of a 
** pot” boiler will be 
found on page 191 
of Steam Locomotion 
on Common Roads, by 
W. Fletcher, 1890. 


CHAPLIN DESIGNS 


The once fairly 
numerous vertical 
boilered locomotives 
patented by Alexander 
Chaplin of the Cran- 
stonhill Engine Works, 
Helen Street, Govan, 
were made in several 
sizes and for a variety 
of gauges from 2ft 6in 
to 4ft 84in, and 
although _ essentially 
alike in general layout, 
differed in details. 
Some had _ spoked 
wheels, others disc ; 
some dished-top 
boilers, others conical 
smokeboxes. A few 
may have had piston 
valves, others had balanced valves of 
semi-circular section; while cylinder 
dimensions of 44in by 9in, 6in by 12in, 
Yin by 12in, 7in by 14in, and 9in by 16in, 
have been recorded and the horsepower 
ranged from 6 to 27. Other details that 


2—Chaplin locomotive at 


Fig. 3—Engine of Chaplin locomotive built in 1885, 
preserved at Northampton gas works 


varied were bushed side rods in conjunc- 
tion with cottered big ends to the con- 
necting-rods, or cottered side rods and 
connecting-rods with marine-type big ends. 
Furthermore, the connecting-rods were 
sometimes forked, the piston rods being 
prolonged and working through guides, 
while at a later date the engines were of the 
design shown in Fig. 3, which is a close-up 
view of a Chaplin built in 1885. The 
coupled wheels varied from 2ft 14in to 3ft 
diameter and three different wheelbases are 
known, i.e. 5ft 7in, 6ft 6in, and 7ft.. The 
gear ratio was generally 2 to 1. The narrow 
gauge type had outside bearings, the coupling 
rods being fixed to disc cranks mounted 
outside these bearings. 

Perhaps the most interesting part of 
these locomotives was the boiler, which 
incorporated hanging tubes patented by 
Mr. Chaplin. The upright boiler had an 
internal firebox, in the slightly arched roof 
plate of which were screwed a number of 
wrought-iron tubes welded up at their 
lower ends, and it was the disposition of 


Beckton gas works 
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these tubes that formed the chief peculiarity 
of the boiler. They were all inserted in the 
arched top plate of the firebox at right 
angles to it, and their lower ends thus 
inclined inwards. The interval between the 
inner circle of tubes was filled up by a plug 
of fireclay, and the flames from the fire were 
thus caused by the action of the draught to 
strike against the sides of the firebox; 
after being deflected from it they passed in 
between to tubes to the central flue leading 
to the chimney. When working, the steam 
generated in these tubes discharged in a 
series of sudden bursts or minor explosions 
and this was found effectual in driving out 
any sediment that might have collected in 
the bottoms of the tubes. 

Another advantage claimed for this boiler 
was that it had ample space above the grate 
for complete combustion and was therefore 
well-adapted for use with small coal, wood 
or even peat, and was found to generate 
steam very freely. The working pressure 
was 100 lb per square inch. According to 
an Official communication from the firm in 
1929, the first locomotive was delivered in 
1867 and the last in 1902. 

Photographs are fairly numerous, but few 
show a Chaplin in original condition : two 
excellent drawings appear in the Chronicles 
of Boulton’s Siding, pages 112 and 116. 
One of the locomotives of this make supplied 
to Beckton Gas Works during the 1870s is 
shown in Fig. 2 on page 727. 


«“e TINY ” 


The broad gauge South Devon Railway 
acquired from Messrs. Sara and Co., of 
Plymouth, in January, 1868, a small vertical 
boiler locomotive for working the Sutton 
Harbour branch. This locomotive carried 
the name “Tiny” and in 1876 became 
2180 in the stock of the Great Western 
Railway and is now preserved on Newton 
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Abbot Station plat- 
form. It has two cyl- 
inders 9in diameter by 
12in stroke set verti- 
cally in front of the 
boiler, driving by spur 
gearing on to the 
front axle of the four 
coupled wheels, which 
are 3ft in diameter 
set on a wheelbase of 
5ft 9in—the gauge is 
thus wider than the 
wheelbase. The boiler 
is tubeless, 6ft 3in high 
and 2ft 104in diameter 
and has a_ firebox 
with a grate area of 
6-137 square feet, 
while the water tank, 
holding 80 gallons, is 
formed in the frame, 
with a small coal 
bunker at one corner. 
A drawing appeared 
in The Locomotive for 
1920, page 171, and 
there is a small photo- 
graph on page 538 of 
Volume II of McDer- 
mot’s History of the 
Great WesternRailway. 

The firm of Sara and 
Co. is said to have 
built other vertical 
boiler locomotives for 
the local china clay 
mines, but so far these have not been traced. 


ANDREW BARCLAY 


The knowledge that Andrew Barclay, of 
the Caledonia Foundry, Kilmarnock, was 
responsible for building one or more loco- 
motives of the vertical boiler type comes 
from the text of a letter written by Barclay 
to the editor of Engineering and dated 
November 1, 1870. Apparently there had 
been recently published a description of a 
vertical boiler invented by J. Paxman, of 
Colchester, and the object of Barclay’s letter 
was to point out that his own earlier patents 
were substantially the same. The paragraph 
in which reference is made to a locomotive 
runs as follows: “ ...I enclose you a 
tracing of a boiler as made for contractors’ 
locomotives by me, in which you will observe 
that instead of using the valves, as shown 
on the tops of the tubes in the boiler you 
illustrate to prevent priming, I make the roof 
of the firebox conical ; this gives me room 
for a greater number of tubes, as you will see 
from the sectional plan of the tracing 
enclosed, and in the blue book for the year 
1869, sheet 4, Fig. 5 ; it also deflects laterally 
the current of water rising up, through the 
tubes being bent to the same angle as the 
roof...” The drawing of this boiler is 
reproduced here in Fig. 4. Apart from the 
above reference, the existence of a Barclay 
vertical boiler locomotive seems to be 
unrecorded, and the present firm of Andrew 
Barclay, Sons and Co., Ltd., have informed 
the writer that they are unable to trace this 
locomotive among surviving records at the 
Caledonia Works ; it is thought by some old 
employees there that the drawings may have 
perished in a fire which occurred at the works 
during the middle seventies of last century. 

FLETCHER, JENNINGS DESIGNS 

The works at Parton, near Whitehaven, 
successively occupied by Messrs. Tulk and 
Ley, Fletcher, Jennings and then the Lowca 
Engine Company, turned out between the 
years 1840 and 1908 some 249 locomotives, 
mostly four-wheeled industrial locomotives. 











Fig. 5—Fletcher Jennings locomotive, built during the period 1869-1872 
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Of these, only four had vertical boilers and 
were constructed during the period when the 
works were owned by Fletcher, Jennings and 
Co. The first of these bore Works No. 91 of 
1869 and was supplied for the 2ft 10in gauge 
line of the Barrow Haematite Steel Com- 
pany, being followed later in the same year 
by a similar locomotive. The third appeared 
in 1872, Works No. 100, for the 2ft Llin 
gauge line of the Tredegar Iron Company, 
while the fourth was also built in 1872, 
bearing Works No. 103, and went to the 
Cumberland Iron Mining and Smelting Com- 
pany, Ltd. All these locomotives had 2ft 
diameter wheels, and cylinders 6in diameter 
with a stroke of 10in; no photograph or 
drawing has been found, but Fletcher, 
Jennings’ successors included a. sectional 
illustration in their catalogue. As shown 
in Fig. 5 there was a water tank at one end of 
the frame and a guard rail at the driving end, 
the coal boxes being apparently at the sides. 

These boilers were constructed under the 
patent of Henry Allason Fletcher (No. 998 
of April 2, 1869). This patent consisted of 
attaching round the sides of the firebox a 
series of conical water pockets or thimbles, 
closed at their converging ends and opening 
at their outer or expanded ends through 
apertures made into the water space sur- 
rounding the firebox. The heated gases and 
products of combustion were thus caused to 
circulate round these water pockets and, 
owing to the greatly increased heating surface 
thereby presented, the generation of steam 
was greatly facilitated. Although reputed 
to be a good steamer, this kind of boiler was 
very costly to make owing to the large 
amount of skilled labour required ; each 
thimble was formed out of a flat plate of the 
proper shape, being rolled up, welded and 
flanged by hand so as to be readily riveted to 
the firebox. These thimbles were about Jit 
diameter at their large end. Incidentally, 
the “ thimble” boiler has been re-invented 
several times since Henry Fletcher first took 
out his patent. 


(To be continued) 
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Cantilevered Pitot Cylinder 


By F. A. L. WINTERNITZ, Dipl. Ing.* 


The properties of the cantilevered pitot cylinder have been investigated under “* free 
stream ” conditions in a towing tank and in correlated wind tunnel tests. The effects 
of probe tip shape, orifice distance from tip, flutter, Reynolds number and inclined 
flow, have been studied. The results of these experiments are reviewed and an 
extensive survey is made of the literature on the cantilevered pitot cylinder with 
particular reference to its use as a static pressure measuring device. 


N fluid mechanics research it is often important 
lio establish momentum and energy balances. 
These require flow surveys with instruments 
witable for point-by-point determination of 
pressure, velocity and flow direction. Much 
dfort has been devoted to the development of 
wch instruments and a variety of forms for 
different ,applications have been evolved.’ 
The desirable properties, particularly for turbo- 
machine applications, may be summarised as : 

(@) Small enough to avoid interference with 
the prevailing flow. a 

(6) Instrument characteristics unaffected by 
variation in test conditions. 

(¢) Suitable for use in restricted spaces, easy 
io introduce and seal. 

(d) Rapid response to changes in mean flow 
conditions. 

(e) Measurement with one probe of all the 
desired flow characteristics. 

(f) Easy to manufacture accurately. 

The three-hole pitot cylinder has long been 
wnsidered a suitable instrument because it 

to satisfy most of the above requirements. 
However, although its directional properties 
ae generally employed for surveys in turbo- 
machines,** its other limitations are still dis- 
puted ® despite many years of use.® In turbo- 
machine research, the cantilevered pitot cylinder 
is often chosen as it permits measurements where 
no other traversing instruments could be accom- 
modated, for instance, in the annular space 
surrounding a rotating hub. 

The present study was undertaken to determine 
the practical limitations of the cantilevered pitot 
cylinder. As certain important aspects such as 
the effects of intense turbulence on instrument 
readings could not be investigated in the present 
experimental programme, published data, prob- 
ably not widely known, have been included in 
the article. 

INSTRUMENTS TESTED 

The three cantilevered pitot cylinders used in 
this investigation are shown in Fig. 1, design 
details being given in Fig. 2. Instrument No. 1, 
the three-hole probe with hemispherical tip, was 
calibrated in water in a towing tank and sub- 
sequently used for correlation tests in the aero- 
dynamic rig. The choice of a 30 deg. angle for 
the displacement of the orifices from the stagna- 
tion point is arbitrary. Instruments No. 2, 
spherical tip, and No. 3, ellipsoidal tip, were 
tested only in air. Total pressure reference probes 
were a spherical-head Prandtl standard, and a 
simple sharp-edged total pressure probe with 
inner cone angle 40 deg.” 


METHOD OF TESTING 


The test arrangement and technique used in 
the towing tank experiments have been described 














Symbol Definition Dimension 
D Probe outer diameter... ... ... ...  ... (L) 
Orifice distance from tip ... ... ... ... (L) 
H lee on ie 
Pp Static pressure a ee sae 
p* Static reference pressure towing tank _...|(ML~"T-*) 
yy Static pressure at orifice station |—wind|(ML~'T-*) 
tunnel 
Pe Static pressure at orifice station O—wind|(ML~'T—) 
tunnel 
‘ H—p* . ' i 
K = instrument coefficient, towing — 
tan 
: H—p 
x = ; instrument coefficient wind tunnel “ 
V_ | Towing velocity, velocity in point of| (LT) 
mesgurement 
q =P velocity pressure MET) 
ia Density of medium ... ... 1... ... (ML~*) 
v Kinematic viscosity of medium... (L*T-) 
R 


DV. 
in Reynolds number... ... ... ... ae 











* Fluid Mechanics Division, Mechanical Engineering Research 
atory, East Kilbride, Glasgow. 


in detail elsewhere.* The instruments in the wind 
tunnel were mounted in the test section, Fig. 3, 
the general arrangement being shown in Fig. 4. 


Fig. 1—Three cantilevered pitot tubes 


The cylinder under test was compared with a 
standard reference probe mounted from the 
opposite wall of the duct. Each instrument was 
placed on the duct centre line and readings taken, 
while the other was withdrawn to the wall of 
the duct. Comparisons were always made at 
constant flow. Check readings were also made 
using different standard probes and interchanging 
the standard and pitot cylinder on test. In the 
traverses a similar interchange procedure was 
adopted, but readings were taken at various 
points across the duct. In the near wall half of 
the duct was sufficient to withdraw the reference 
probe to the far wall. In the far wall half only 
one instrument could be accommodated at a 
time because of interference. 

Pressures were measured relative to the static 
orifice station 0. For determining the instrument 
coefficient, static pressures were read at station 1, 
where, to avoid blockage effects from the instru- 
ments at station 2, the readings were taken with 
the cylinder removed from the duct and the 
reference probe with- 
drawn to the wall and 
reversed to point down- 
stream. Under these 
conditions static pres- 
sures were correctly in- 
dicated by the wall 
orifices at station 1. 

It will be seen that the 
static reference station 1 
is located 3in upstream 
of the instrument tra- 
verse station. Whilst the 
two reference probes 
measured total pressure 
approximately in the 
plane of the static ori- 
fices, station 1, the pitot 
cylinder total pressure 
reading was taken 3in 
downstream at station 
2. Thus, the readings 
were in error by the 
magnitude of the total 
pressure loss over this 
distance, but the error 
was too small to be mea- 
sured with the equipment 
used. Pressures were 
measured by Betz projec- 
tion manometers which 
could be read to an 
accuracy of 0:05mm of 
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water. The pitot cylinder could be oriented in | 
deg. steps. To compensate for small fluctuations 
in pressure, results used in the calculations were 
the mean of five to ten readings. 


EFFECTS OF VIBRATION ON PERFORMANCE 
OF HEMISPHERICAL TIP 


Towing tank tests on instrument No. | estab- 
lished the marked effects on the probe coefficient 
of instrument vibration. Results are summarised 
in Fig. 5 and further details may be found 
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Fig. 2—Details of pitot tubes illustrated in Fig. 1 


elsewhere.* It will be seen that, due to modifica- 
tion of the total head reading, the coefficient of 
the probe becomes negative, the deviation from 
the constant value approaching approximately 
160 per cent. These results could be repeated 
irrespective of the manner in which the critical 
speed range was approached. By clamping the 
instrument in a wooden chuck, it was shown that 
the deviation was due to instrument vibration 
which, although invisible, was detectable by 
touch. A normal speed characteristic with some 
low-speed effects persisting below R, =8 x 10* was 
obtained by reducing the submergence depth, 
and thus the free overhang of the instrument. 
Irrespective of the differences in the low-speed 
characteristics, the three curves in Fig. 5 merge 
into one for speeds exceeding R,=1+7 x 10‘. 


CORRELATION OF RESULTS IN WATER AND AIR 
FOR ‘* FLUTTER-FREE ”’ CONDITIONS 


The results of the aerodynamic tests on instru- 
ment No. 1, together with those obtained in the 





Fig. 3—Instruments mounted in wind tunnel test section 
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towing tank, are plotted in Fig. 6. It will be seen 
that the agreement is close, even for the low-speed 
effects below R,=8 x 10° ; the latter are probably 
part of the instrument characteristic for ‘‘ flutter- 
free” conditions. These findings, resulting 
from interchanging the cylinder with two standard 
total head probes, were also confirmed in later 
traverse tests where, at the duct centre line, all 
results agreed closely for the appropriate Reynolds 
number. From the closeness of this agreement 
it can be inferred that turbulence effects, obviously 
more intense in the aerodynamic rig than in the 
large expanse of still water in the towing tank, 
were insignificant. 


EFFECTS OF REYNOLDS NUMBER AND ORIFICE 
DISTANCE FROM TIP ON TOTAL PRESSURE 
READINGS 


The effect on the characteristics of instrument 
No. 2, hemispherical head, with different orifice 
distances from the tip, are given in Fig. 7 (upper). 
Whilst all the plots show some low-speed 
effects, it will be seen that the characteristics 
for d=0-5 D and 1-5 D appear to deviate little 
from the constant coefficient value for R,=3 x 10°. 
If a coefficient of unity is desired, results for 
d=1:-5 D are only slightly less favourable than 
those for d=2 D. The results for both d=0-5 
and d=1-5 D are satisfactorily constant at 
higher speeds, which suggests the choice of a 
small orifice distance if measurements are to 
be made as near as possible to a flow boundary. 
Low-speed effects commencing at R,=6x 10* 
have been mentioned by Kassi® who tested 
three-hole pitot cylinders with square tips of 
4mm outer diameter. They were also established 
by evaluation of Kito’s’® calibration results 
for a hemispherical tip probe below R,=10*. 
It will be noted that the low-speed dip is most 
pronounced for the three-hole pitot cylinder, 
instrument No. 1; this may be due to an 
effect of actual probe size. 

The results plotted in Fig. 7 (lower diagram) 


Reference Static Reference Static 


Orifice a 0 


6", 15" last ut" 








Orifice Station 1 Station 2 
1 2 
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for the ellipsoidal head, instrument No. 3, 
show similar trends. It is, however, apparent 
that the variation of coefficient with Reynolds 
number is more pronounced than for the hemi- 
spherical head probes. The use of an ellipsoidal 
tip in the cantilevered pitot cylinder offers 
therefore no advantage over the conventional 
form. From reference it is apparent that the 
square-tip pitot cylinder has a constant low- 
speed characteristic comparable to that of a 
spherical-tip instrument down to R,=4x 10°, 
and, incidentally, both are equally effected by 
inclined flow. The instrument with a square 
tip is, however, much easier to manufacture 
accurately. 

A summary of M.E.R.L. results is presented 
in Fig. 8, and compared with published data. 
For orifice distances d in excess of 1-5 D, the 
results of Numachi and Hutizawa," obtained 
by towing the cylinders in a circular trough, 
agree closely with the aerodynamic test results 
irrespective of the shape of the probe tip. The 
discrepancies between these and the results 
given in reference,'* also shown in Fig. 8, are 
thought to be due to the different methods of 
calibration. .Calibration in submerged orifices, 
venturi throats or by duct traverses, in which 
the integrated flow is compared with the mean, 
cannot claim to be as accurate as absolute 
calibration by towing tank or whirling arm. The 
chief error in duct traverses are caused by the 
limited number of readings, the need to measure 
accurately in the boundary layer and the diffi- 
culty of keeping flow conditions sufficiently 
constant. 


PRESSURE DISTRIBUTION AT DIFFERENT 
REYNOLDS NUMBERS AND PROBE DUCT 
POSITIONS 


Fig. 9 shows the results of pressure readings 
on instrument No. 1, over a range of Reynolds 
numbers of approximately 6 to 15x 10°, and 
for three positions of the cylinder in the duct : 
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orifices on duct centre line, at 2-25in ang 
0-63in from far wall (tip touches wall). As tid 
investigations were concerned only with thy 
direction finding properties of the ‘instrumey, 
it was found convenient to refer all reaqj 
to the total pressure value for zero yaw q 
The towing tank results were recalculated in 
this form. 

It will be seen that wall proximity and Reynolis 
number impose no restrictions on the use , 
the pitot cylinder as a direction finding devig. 
the divergence in the shape of the pressyy 
curves being restricted to the low press: 
region. Again there is close agreement between 
aerodynamic and towing test results, a furt 
indication of the insignificance of moderately 
different turbulence. This, however, must ng 
be expected to be true for conditions of sever 
turbulence, such as are likely to occur in turbo. 
machines. Considerable errors must be expectej 
in the total pressure indication of a pitot cylinder 
in the presence of severe turbulence and jx 
directional properties may affected by 
asymmetries in the pressure distribution, jj 
can be shown conclusively™ that the pressure 
distribution and the total head readings of; 
pitot cylinder are a function of the turbuleng 
conditions and, in fact, the resulting chang 
in the pressure distribution pattern can be use 
to measure static pressure. Benedict and Gy 
son'* also established the marked effect op 
the cylinder pressure distribution of 
turbulence generated upstream of the probe 
under test. 

In the discussion on a paper,® Spitzglas 
originally suggested that, to increase the differen. 
tial head produced by the pitot cylinder, diametri- 
cally opposite orifices could be used. However 
the apparent changes of low-pressure peak 
values with wall proximity (see Fig. 9), which 
are the effects of relative blockage caused by 
the instrument,'® restrict its use in this manner, 

The variation of peak suction with relative 
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Fig. 4—General arrangement of wind tunnel test facilities 
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Fig. 6—Comparative tests on instrument No. 1 in air and water 
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kage, and thus with instrument position, 
i uid also restrict the usefulness of the method 
ggested’? «for measuring static pressure 
turbulent flow by means of a pitot cylinder. 
Closer study of the results at one position for 
iferent Reynolds numbers indicates a shift 
wards zero Of the “critical angle’ at which 
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tye static pressure is read, by approximately 
):5to 1 deg. for a Reynolds number increase 
fom 10 to 15 x 10%. Increased accuracy in setting 
the angle of yaw is required before any accurate 
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DIRECTIONAL SENSITIVITY 
AND OTHER CHARACTERISTICS 


The directional sensitivity is defined as per- 
wntage change of dynamic pressure for a change 
inangle of yaw setting of 1 deg. The centre 
orifice of instrument No. 1 was set in the direc- 
ion of flow by means of null reading on the 
outer orifices. The pressure at one of the outer 
orifices was then read, and the cylinder turned 
to +1 deg. positions of yaw. For three 
Reynolds numbers between R,=8 and 12-5 x 10°, 
the sensitivity was found to be approximately 
5 per cent of the dynamic pressure. This sensi- 


tivity is typical of the pressure change in the 
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Fig. 9—Pressure distribution on pitot cylinder No. 1 


at different Reynolds numbers and positions 
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range of 30 to 40 deg. from the stagnation 
point.!? 

Duct traverses with pitot cylinder No. 1 and 
the total pressure reference probe (spherical-tip) 
showed no appreciable difference above R,= 
4x 10*. Whilst wall proximity within the test 
conditions did not affect the cylinder total 
pressure readings, flow inclined to the instru- 
ment axis modified them substantially, as may 
be seen from the towing test results plotted in 
Fig. 10. It is apparent that they vary somewhat 
in the manner of the cos? law, in agreement 
with published data.'¢ 

Static pressure measurement with the pitot 
cylinder, over the Reynolds number range where 
the pressure distribution is constant, was first 
suggested by Fechheimer.1 Later experimen- 
ters applied the method to measurement of 
pressure at the periphery of turbo-machine 
rotors.!? To-day the instrument is, with restric- 
tions still considered suitable for such measure- 
ments although apparently there are a number 
of disadvantages. : 

The excellent directional sensitivity of the 
pitot cylinder needs an angular setting within 
0-2 deg. to obtain a static pressure reading within 
1 per cent of the dynamic pressure. If a three- 
hole cylinder is used, the outer holes must be 
located with the same accuracy. In addition, it 
must then be remembered that the “ critical 
angle’ shifts with Reynolds number and a 
calibration is essential for high accuracy require- 
ments. At the point of zero pressure coefficient, 
manometer readings fluctuate and mean values 
must be taken, thus limiting the accuracy of the 
measurement. 

If the flow is highly turbulent, this method of 
reading static pressure cannot be employed, but 
the pitot cylinder may still be used by exploiting 
the dependence of the point of separation on the 
intensity of turbulence, following a suggestion 
by Prandtl and mentioned by von Bohl." 

A serious limitation of the cantilevered pitot 
cylinder for static pressure measurement due to 
wall interference, is demonstrated in Fig. 11. 
It is seen that considerable errors are introduced 
through pressure increase in the boundary layer 
and varying blockage effects. These latter 
findings are in good qualitative agreement with the 
corresponding values given elsewhere.® There 
the investigation was extended to the pitot 
cylinder supported at each end and it is worthy 
of note that variations of 5 per cent of dynamic 
pressure occurred with different orifice locations 
in the duct. Evidently a pitot cylinder calibra- 
tion factor cannot be used in velocity traverses, 
if obtained by rating in one duct position only, 
since the probe coefficient will vary with traverse 
position.’* It is doubtful whether the ensuing 
error can ever be made smaller than 1 per cent 
of the static pressure. The method while offering 
great convenience, cannot lay claim to high 
accuracy. 

Although the directional properties of the 
pitot cylinder are not affected by inclined flow®: ?* 
its use in three-dimensional flow is limited by 
the need to calibrate total pressure against 
inclination. As may be seen from Fig. 10, for 
instrument No. 1 and an inclination of less than 
+2 deg. the effects on total pressure may be 
neglected without impairing the accuracy of the 
results. For greater inclinations, the angle of 
inclination must be determined, and use made of 
the calibration curve. The pitot cylinder is 
evidently not very suitable for pressure measure- 
ments in three-dimensional flow. Total pressure 
readings of improved insensitivity to flow 
inclination may be obtained by countersinking 
the orifice into a spherical shape by means of a 
round-bottom drill.2° However, measurements 
in three-dimensional flow should preferably be 
made with more suitable instruments.” 


DESIGN CONSIDERATIONS 


The manufacture of small two and three-hole 
pitot cylinders is outlined in references.1’, * 
If the pitot cylinder is to be used for static 
pressure measurements, the orifice size should 
conform to the dimensions specified for static 
pressure probes,’ later confirmed for a wide 
Reynolds number range.” 

The ratio of orifice depth to diameter should be 
within 0:5 to 1:7; that of orifice to probe dia- 
meter within 0:04 to0-3. For a two or three-hole 
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pitot cylinder design, it is advisable to make the 
leads from the outer orifices the same length. 
The location of the outer orifices is to some 
extent arbitrary, as the “ critical angle” varies 
with orifice distance from tip, probe tip shape, 
and Reynolds number."! It may vary from 
38 deg. for spherical-tip instruments to 45 deg. 
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20 10 0 10 20 
Pointing Angle of Pitch in Degrees Pointing 
Downstream Upstream 
Fig. 10—Effect of inclined flow on the coefficient of 
the pitot cylinder, instrument No. 1 


for designs with a square end. For a spherical- 
tip instrument with an orifice distance d=2 D, 
the angle of location may conveniently be chosen 
as 39 deg. As the pressure distribution is appa- 
rently least affected by Mach number at 50 deg. 
from the stagnation point, this position is some- 
times chosen for probes to be used at high 
speeds.2* For these conditions it was found 
that the optimum ratio of orifice to probe dia- 
meter is approximately 0-12. Further reference 
to compressibility effects on pitot cylinder 
measurements may be found  elsewhere.*4 
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Fig. 11—Errors in static pressure 


measurement 
caused by wall interference, instrument No. 1 


The minimum size of the cantilevered pitot 
cylinder is determined by the number of internal 
leads to be taken out, the slowest acceptable 
instrument response, and the need for structural 
stiffness. 


CONCLUSIONS 


For “ flutter-free ’’ conditions, excellent agree- 
ment was obtained between tests in water and 
air, under widely different conditions. Instru- 
ment vibration, which occurred in towing tests 
only, caused substantial errors. 

The cantilevered pitot cylinder is convenient 
for measuring total pressure and flow direction 
in two-dimensional flow as it is unaffected by 
wall proximity in the range covered, R,=10* to 
1:2x10*. The instrument coefficients for the 
spherical-head probe and the square tip design 
are substantially constant down to R,~4x 10°, 
the ellipsoidal-head probe being inferior in this 
respect. The coefficient is a function of orifice 
distance from the tip and for d>2 D, is inde- 
pendent of probe-tip shape. Thus, provided 
that d>2 D, spherical and ellipsoidal tips show 
no advantage over the simpler square-tip probe. 

Considerable changes in coefficient occurred 
in flows inclined to the cylinder axis. However, 
as its direction-finding properties are unimpaired 
in three-dimensional flow, a suitable calibration 
can be made to allow for the effect of inclined 
flow on total pressure. 
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Its use for the measurement of static pressure 
in moderately turbulent flow requires careful 
calibration for wall proximity, blockage and 
Reynolds number effects. Optimum accuracy is 
probably not better than 1 per cent of static 
pressure. 

Considerable errors may occur in total pressure 
readings due to instrument vibration, and atten- 
tion must be paid to this effect in the high-speed 
zones of turbo-machines. 

Total pressure readings are affected by severe 
turbulence, which may also impair the direc- 
tional properties of the pitot cylinder. The pitot 
cylinder should, therefore, not be used under 
conditions very different from those of its 
calibration. 

Within specified limits there is freedom in the 
choice of probe shape and orifice distance from 
the tip. For static pressure measurement, the 
orifice dimensions should be chosen in accordance 
with normal practice in static pressure probe 
design. 

With the use of five calibration curves,” 
it is possible to determine direction, magni- 
tude of velocity and static pressure, corrected 
for wall proximity and Reynolds number, 
simply by introducing the pitot cylinder 
into the flow. For flow inclinations in pitch 
greater than +2 deg., a sixth calibration curve 
is required, the use of which needs an indepen- 
dent determination of the angle of pitch. 
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Human Centrifuge 


The human centrifuge recently commissioned at Farnborough will be used to 

further the knowledge of physiological phenomenon experienced by flying personnel 

under centripetal loading. It has a whirling arm 60ft long which is rotated on a 

central pivot by a d.c. motor developing a maximum of 2200 h.p. The installation 
is well instrumented and new screening techniques have been used. 


WHIRLING beam on which human and 

mechanical objects can be subjected to high 
**g” loading has been installed at the R.A.F. 
Institute of Aviation Medicine, Farnborough. 
It is shown in Fig. 1 and a section through the 
installation is reproduced in Fig. 2. Little is 
known of the physiological mechanism which 
can eventually induce unconsciousness in flying 
personnel when subjected to the centripetal 
loading of certain flight manceuvres. A graphic 
illustration of the injurious effects of acceleration 
of the whole body in relation to duration and 
body orientation is shown in Fig. 3. The process 
of blacking out is often attributed to the drainage 
of blood from the head under these conditions. 
In effect this process of evacuation, however, 
does not take place, but the pressure differential 
by which the heart maintains normal circulation 
becomes insufficient and circulation simply 
ceases. It is the consequences of this condition 
which will form one of the basic objects of 
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research on human subjects at Farnborough an 
it is hoped, will lead to more fundamental under. 
standing of certain physiological functions 
Highly delicate and elaborate electro-medica 
apparatus capable of measuring the minut 
currents generated during heart and brain 
reactions has been installed. The installation jg 
one of the most modern of its kind and it has 
cost about £350,000. 

The whirling beam is a fabricated tubula 
structure, largely welded, of high-tensile stee| 
and light alloy. It is 62ft 6in long, 9ft 6in square, 
excluding the depth of the king post bearings and 
weighs approximately 4 tons. It is driven bya 
vertical spindle direct current motor (Fig. 4) 
rated at 1350 hp. at 54 rpm, and 
developing at that speed a maximum centri. 
petal loading of 30g. The total weight of the 
rotating mass is 42 tons and the maximum car 
speed is 115 m.p.h., which can be attained in 
nine seconds. Because of physiological and 
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Fig. 1—Elevation of the centrifuge installation 


Fig. 2—General appearance of the human centrifuge at the Institute of Aviation Medicine, Farnborough 
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egording requirements a high degree of balance 
essential in the structure and a tolerance of 
only + 2 per cent was necessary over a complete 
joceleration constant-speed and deceleration 
e. The maximum peak horsepower developed 
{uring acceleration is 2200, 
The cars which accommodate the subjects 
(Fig. 5) and medical equipment are mounted on 




















ZONE A ZONE B ZONE C 
# 
ie 
J 
or |, 
‘| 
¥ a ") j 
§ lI 
° it 
8 ' 
8 rT 
a7 | 
’ "hy 
tt 
2 Hr t | y 
¢ 
: My, TL Sminges, Direction of Application 
| Mf) 1 Eltty of Force 
2F y | My H, (centrifugal 
an “Why “T or linear) 
ly ‘alll Alt 
ty, Hil tine 
ik Wy) MWe a lll, 
Nir ads aT LTT 
Hl PA, Wulite uma 
Hy HAT Hthiyty tan Mt iy 
0 an meee Peed 
$ S$ 246-5 0—6C=C“S 8 


= 


Duration - seconds 


Zone A.—Short duration zone of mechanical body failure 
xcasioned by crash, ejection seat, parachute and blast. 


Zone B.—Adaptation zone. Human pick-up, catapult and 
rocke t-assisted. 


Zone C.—Long duration zone of physiological failure (fluid 
shifts and circulatory failure), flight mancuvres. 


fig. 3—Sub-injury levels of acceleration for whole 
meme -+- “gamete 
4 


gimbals and are hydraulically damped. They 
can be attached at variable distances along the 
ams. The cars may be completely removed and 
each end of the arm converted into a chamber, 
the walls being lined with foamed rubber. In 
these chambers the capacity of individuals to 
execute simple tasks when subject to low values 
of g can be investigated and they can be used 
to demonstrate to air crews, &c., the difficulties to 
be anticipated in performing simple operations, 
eg. fitting parachute equipment under g 
loading. The strength of the chamber is ample to 
provide a required factor of safety of 4 with a 
centripetal acceleration of 10 g. 

Driving Ring and Brackets.—The rotating arm 
is secured, at the centre section, to a cast steel 
ting (Figs. 4 and 6), 12ft diameter, with a 
peripheral face depth of 2ft and weighing with 
brackets 13 tons. To ensure a determinate load 
application four points of attachment are pro- 
vided to the cast steel ring, and four separate 
points provided for the applications of torque. 
The latter are free to accommodate any vertical 

t of the arm. : 

The peripheral face of this cast steel ring forms 
the path on which the emergency brake shoes 
operate, and the path for the emergency 
protective rollers. 

The underside of the cast steel ring boss is used 
a a half coupling, secured by fitted bolts to a 
slid half coupling formed on the armature shaft 
of the driving motor. 

The 10ft centre section is formed of high- 
tensile steel tube, pin jointed through steel 
sockets machined from solid forgings and bored 
to receive the ends of the tube (Fig. 7). This 
method of construction was adopted as affording 
the maximum possible accuracy for location of 
tubes, particularly the basic positions for pins 
seuring the outer sections, the boring of the 
Various combination sockets being carried out 
on jig boring machines. 

A system of jigs was employed during assembly 
and fabrication to eliminate cumulative errors. 
All other tube connections on the end section are 
welded. The tubes on the two outer sections are 
of high-tensile steel, and sizes vary from 34in 
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diameter by 14 gauge to 23in diameter by 
17 gauge. During fabrication of the end sections 
the maximum use was made of jigs and 
careful selection of tubes to obtain the best 
balance of the completed arm. 

Static and Dynamic Tests on Arm Structure.— 
In consideration of the extremely severe duties 
imposed on the rotating arm, thorough investiga- 
tion and proving tests were carried out by the 
Structure Testing Department of the R.A.E., 
using strain and dial gauges. The loads were 
applied through a specially designed test rig 
operated by hydraulic ram, the structure being 
held by the application of the emergency brakes 
to the cast steel ring. 

Emergency Brake Gear.—For normal braking 
the inherent regenerative characteristic of the 
Ward-Leonard Equipment is used, but in cases 
of emergency and the absence of controlled 
regenerative facilities, the arm is brought to rest 
under emergency friction braking. This com- 
prises eight fabric-lined shoes equally spaced 
around the periphery of cast steel ring (Fig. 6). 
A hydraulic cylinder operates on each brake shoe 
and alternate cylinders are supplied from 
separate hydraulic pressure circuits. Protection 
is afforded by contacts in the main control circuit 
to ensure that the rotating arm cannot be started 
in the unlikely event of hydraulic pressure not 
being available. 

During all operational runs, after the regenera- 
tive braking has effected retardation to a low 
speed, then the friction brakes are applied to 
complete the final stage of stopping, and for 
holding between runs. This obviates the undesir- 
able characteristic of emergency equipment being 
inoperative until an emergency arises. The 
accumulators in the braking system are piston- 
operated, using nitrogen, and are charged from a 
radial pump. 

The order of retardation demanded from both 
friction brakes and regenerative braking system is 
limited by the maximum retardation assessed in 
the design of the rotating arm structure, which in 
turn was a function of the safe retardation to be 
applied to the subjects in the cars. 

The hydraulic braking system is used for 
“ holding” the arm during static tests of the 
structure. This emergency braking system was 
developed in conjunction with Automotive 
Products Company, Ltd. 

In the event of an emergency arising due to a 
condition of excessive out-of-balance in the 
loading of the rotating arm, rollers are fitted to 
minimise the damage. 


PRINCIPLES OF OPERATION 


The arm rotates under a precisely controlled 
cycle of acceleration and deceleration which can 
be accurately repeated any number of times. 
The centrifuge can be operated either auto- 
matically or manually by a “ controller ”’ seated 
at his desk in the control room, or by either of 
the two “ subjects” in the cars. When the two 
“* subjects ’’ are jointly controlling the speed, the 





Fig. 4—Vertical spindle d.c. motor and 
driving: ring 
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mechanism is so arranged that the speed auto- 
matically follows the lower setting, while in an 
emergency the arm can be brought to rest by the 
“controller,” by the “‘ subjects” or by “‘ obser- 
vers” seated at the centre of the arm on either 
side of the driving spindle. Test cycles primarily 
decreed by the Institute of Aviation Medicine 
specify the maximum speed of the centrifuge and 
also the maximum rate of change of speed at any 
S$ . 
Plant and Control Gear.—The main driving 





5—A subject in the car of the centrifuge from 
aks peed doantanatiaas aux seaneuaaa 
to the recording station 


motor is a vertical spindle d.c. machine ; with 
the driving ring it is supported on a 
stool which houses an extension shaft carrying a 
group of twenty-four sliprings for providing 
circuits to the rotating structure for control 
purposes, lighting and experimental use (Fig. 8). 
The connecting cables pass through the hollow 
shaft of the motor up to the arm. Half of the 
sliprings are rated at 60A and the remainder at 
30A. The motor is fitted with a 12in diameter 
angular contact ball thrust bearing, and with a 
top roller guide bearing 174in in diameter. The 
motor is rated at 1350 h.p., 54 r.p.m., maximum 
power being developed at the end of acceleration 
as the speed reaches 54 r.p.m. A gearbox of 
ratio 3 : 43 is directly coupled to the motor shaft 
extension below the sliprings. The high speed 
shaft of the gearbox drives two tacho-generators 
and three over-speed devices. Two magslip 
transmitters are also driven from the motor 
shaft extension through reduction gears of ratio 
rao fs 

A separate slipring column is mounted above 
the arm in a room over the centrifuge chamber. 
This column is directly coupled to the arm and 
is fitted with sixty silver sliprings and thirty 
mercury troughs for the various electro-medical 
aad *‘teletalk”’ circuits. The sliprings are divided 
into three banks of twenty rings and the mercury 
troughs into five banks of six troughs arranged 
in pancake form. Two silver-carbon brushes are 
provided for each slipring and a spade-type 
collector for each mercury trough. ; 

Owing to the exceedingly low level of signal 
strength expected in some of the electro-medical 
recordings, special care has been taken to reduce 
the possibility of extraneous interference entering 
these circuits. The wiring is carried out in 
individually-screened twisted pairs. 

The reactions of the subject—pulse and 
respiration rates, blood pressure and heart and 
brain functions—are recorded electrically from 
electrodes attached to his body, the wires being 
run from the car, along the arm, up through a 
hollow shaft in the centre of the arm which 
extends to the slip-ring column in the roof. 
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indicated either as curves 
in a camera-recorder, or as 
graphs drawn by a pen-recorder. The pen- 
recorder is so sensitive that the minute 
currents generated by the subject’s brain or by 
moving his eyes can be measured. 

This extreme sensitivity makes recording a 
very difficult operation, as small outside electrical 
influences can easily spoil the records. For 
example, stretching a piece of elastic, or combing 
the hair near the subject, can cause the recording- 
pen to move right off the paper chart. 

For this reason all the conducting wires have 
to be screened, with flexible earthed metal 
sheathing. Many of the rooms in the build- 
ing above have been completely screened 
by covering the walls, floor and ceiling 
with copper mesh, and the doors covered with 
sheet copper. The screening is believed to be 
the most effective of any centrifuge in the world. 


Reactions are 
photographed 
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centrifuge motor M2 is energised by generator 
G1 of the main m.g. set, and the field of M2 
by the constant voltage exciter El. Variation 
of the speed of the centrifuge motor M2 is 
achieved by adjusting the excitation of generator 
G1, and hence the voltage applied to the arma- 
ture of M2. This adjustment is made auto- 
matically by the electronic equipment in the 
following manner. 

Two separate signals are fed to the input stage 
of the electronic equipment. The first of these 
is derived from tacho-generators 7G1 and 7G2, 
which are geared to motor M2 and thus develop 
a voltage proportional to the instantaneous speed 
of the arm. Two tacho-generators are employed 
as a safety precaution, and a differential relay 
connected across them initiates a shut-down in 
the event of any inequality between the two 
systems. The second signal is derived from the 
cam unit, and is proportional to the desired 


Fig. 6—The main attachment ring, emergency rollers and brake cylinder attachments 


The control desk, the amplifier for the tele- 
talk equipment and a cam unit which controls 
the cycle of acceleration and deceleration are 
housed in a control room (Fig. 1) which has a 
window giving the “ controller” a clear view of 
the rotating arm in the centrifuge chamber. The 
“ controller’s ” joystick is mounted in front of 
the desk, which consists of two wings joined by a 
centre section. The wings house the various 
control switches, instruments and relays and also 
the control equipment for the teletalk apparatus. 
The cam unit, which is mounted adjacent to the 
control desk, contains the main control potentio- 
meters and the driving gear for the associated 
cams. 

The motor generator set consists of a d.c. 
generator with a maximum rating of 1950kW 
at 760V, driven at 980 r.p.m. by a 1250 h.p. 
induction motor connected to a 6-6kV, three 
phase supply. The exciter for the field windings 
of the centrifuge motor forms part of the same 
set and is rated at 10kW at 220V. 

The teletalk apparatus comprises two separate 
and similar equipments, each providing com- 
munication between one arm of the centrifuge 
with its “‘ subject’ and “‘ observer,” and the 
corresponding recording station in the medical 
laboratory, where the various instruments which 
record the physiological reactions of the subjects 
are situated. In addition the “controller” is 
provided with facilities for entering each of the 
two circuits either to listen or speak. To con- 
serve the available sliprings for their primary 
electro-medical purpose, and to obviate diffi- 
culties due to the effects of centripetal forces on 
normal telephone relays, a signalling circuit 
embodying magnetic amplifiers has been 
employed. 


THE CONTROL SCHEME 


A simplified schematic diagram of the control 
scheme is shown in Fig. 9. The armature of the 


instantaneous speed. The difference between 
the signals represents the instantaneous speed 
error, and constitutes the actuating signal to the 
input unit of the electronic equipment. From 
this unit the error signal is passed to a two-stage 
valve amplifier which incorporates a stabilising 
network for the control system, and hence to the 
control grids of a three-phase thyratron rectifier 
which constitutes the output unit and is used to 
energise the field of G1. The error signal thus 
varies the excitation of Gl in the appropriate 
sense to correct the discrepancy in motor speed 
which initiated the signal. 

Cam Unit.—The cam unit, Figs. 9 and 10, 
which provides the “desired instantaneous 


speed” signal, consists essentially of a pair of 


potentiometers Pl and P2, which are traversed 


by brushes attached to an arm. Movement of 


this arm is controlled by a programme cam or a 
stop cam. As in the case of the tacho-generator, 
two potentiometers are employed to ensure 
safety, and any discrepancy between the two 
systems will cause operation of a relay which 
initiates a shut-down. The potentiometers are 
bow-shaped and are mounted one above the 
other ; the effective radius of the brush arm is 
24in and the total travel between the low and 
high speed position 414 deg. The reference 
voltage provided from the potentiometers varies 
from zero at standstill to 400V in the high speed 
position. The signal fed to the electronic equip- 
ment is the difference between this and the 
voltage developed by the tacho-generators, and a 
difference of less than 1V will result in full 
excitation of the generator. The arm is moved 
towards the high speed position by a weight to 


which it is attached by means of a chain passing . 


over a pulley. The arm bears against the pro- 
gramme cam, which, when rotated, permits the 
arm to move at a rate dependent upon the 
profile of the cam. This cam is rotated by an 
induction motor through a vee belt drive‘equipped 
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Fig. 7—Fabricating jig for longeron joint of cent 
section 


with multi-step pulleys which enable the appro. 
priate cam speed to be pre-selected. The te 
cycle of the centrifuge is controlled by the profile 
of the programme cam, and a range of cams 
covering the various test requirements is pro. 
vided. 

The second cam, which is called the stop cam, 
follows the travel of the arm in a manner such 


minimum of delay. The stop cam cannot be 
changed, and.the speed at which it can move the 
arm to the lower speed position is fixed by safety 
considerations. It is brought into action onl 
on failure of the programme cam, on remote 
stopping, or when the overall time limit has 
expired. The stop cam is driven by a direct 
current motor M4. The cam unit includes a 
series of interlocks to ensure the correct orienta- 
tion of the cams, and their return to the low speed 
position for starting. The cam unit is also pro- 
vided with a series of “‘ g plates,’ one of which 
must be inserted before the apparatus can be 
used. Each plate acts as a definite stop to the 
travel of the brush arm, and thus limits the 
maximum speed which the centrifuge can attain 
to a predetermined value. Plates with stops at 
10 g, 15 g, 20 g and 30 g are provided. 
Programme Control.—The control equipment 
provides facilities for two automatic systems and 
one manual system of programme control. The 
automatic system provides a complete programme 
of acceleration and retardation from start to 


and 


lp. 
Under manual control, ‘“* subjects’ 


Fig. 8—Extension shaft beneath the vertical spindle 
driving motor carrying twenty-four sliprings 
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Fig. 9—Simplified diagram of the control scheme 


“controller’s ’’ joysticks operate twin-torque 
transmitters through quadrants, and associated 
twin-torque receivers impart an equivalent move- 
ment to a follow-up drum controller. Although 
each joystick can be moved independently, the 
drum controller is so arranged that all three 
operators must agree to raise speed, but any 
operator can lower speed in contradiction to 
the others. Ifa ‘* subject ’’ is absent, the relevant 
switch is closed to short out the interlock circuit ; 
otherwise both “* subjects’ ”’ dead man’s handles 
must be retained throughout the run. If either 
handle is released the ‘‘ controller ’’ is warned 
by an indicator lamp, and he can then take over 
by cancelling the appropriate handle release. 
If he fails to take over within five seconds the 
stopping sequence is initiated. Even under 
manual control, either by the subjects or the 
controller, the action is always effected through 
the cam unit. 


HOMING 


To bring the centrifuge arm to rest in the cor- 
rect orientation with the doors of the chamber 
at the completion of each test, the mode of 


operation of the control unit is automatically 
changed from that of a speed controller to that 
of a position controller. This change takes 
place as soon as the speed of the arm has fallen 
below a specified value, and the speed of approach 
of the arm to the home position is then reduced 
in proportion to its distance from the home 
position. To achieve this one of the magslip 
transmitters geared to the centrifuge arm, 
(the other is a standby), co-operates with each 
of the two magslip coincidence transmitters 
located in the electronic cubicle. As the speed 
of the arm falls to the given value, a relay 
operates and causes the reference voltage derived 
from the cam-driven potentiometer to be re- 
placed by a fixed voltage, so that the arm moves 
on at a fixed speed. When it reaches a position 
60 deg. in advance of home, the first coincidence 
transmitter actuates a relay which transfers 
the control from the fixed voltage to the voltage 
p-oduced by the second coincidence transmitter, 
and this is proportional to the displacement 
of the arm from its final position. The speed 
therefore diminishes uniformly as the arm 
proceeds to the home position. Just as it 


Fig. 10—Cam unit, which provides the ‘‘ desired instantaneous speed ”’ signal for the centrifuge 
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reaches there the second coincidence trans- 
mitter actuates a relay which opens the generator 
excitation circuit, closes suicide windings on 
both generator and motor, and allows the mechan- 
ical brakes to operate. 

Other Safety Devices —=The maximum motor 
torque is limited by the action of two torque-limit 
relays which are energised from a shunt in the 
armature circuit of M2. The first relay will arrest 
further acceleration until normal conditions are 
restored. An adjustable timing relay is started 
by the first torque-limit relay, and this will 
initiate the stop sequence if the over-torque con- 
dition is sustained beyond the set time. 

Three overspeed devices are fitted to the 
centrifuge motor, which, mechanically driven 
from the high speed shaft of the gearbox, initiate 
the stop sequence. 

The period for which the centrifuge runs at 
top speed when under programme control is 
determined by a programme timer. An overall- 
time controller, which operates irrespective of 
the control system in use, is fitted ; it consists 
of two timers covering ranges of 0O—100 seconds 
and 0—100 minutes, the appropriate range being 
selected by means of a changeover switch. 

When the programme timer has operated 
and given a signal to lower speed, the operating 
coil of a delayed-action checking relay is energised. 
Under normal conditions the control potentio- 
meter starts to move towards the lower speed 
position, and thus trips a switch which opens 
the operating coil circuit of the relay before the 
contacts close. If, however, the potentiometer 
has not started to move before the relay contacts 
close, the stop cam is set in motion. 

To guard against a transmission failure in the 
gearbox, with consequent loss of control due to 
the absence of a signal from the tacho-generators, 
a voltage relay is set to operate as soon as the 
main generator attains a voltage slightly above 
that corresponding to homing speed. A further 
relay, operated by the tacho-generator and set 
at the homing speed value, opens the coil circuit 
of the first relay when conditions are normal, 
but if the tacho-generator voltage fails the first 
relay will close as soon as the homing speed is 
exceeded, and will initiate the stop sequence. 

A voltage relay across the output of the main 
generator is set to operate at a voltage slightly 
above that required for homing the centrifuge. 
A normally-closed contact on this relay opens 
the suicide contactor circuit at all voltages 
above this value, and prevents suiciding at high 
speed in the event of failure in the homing 
circuit. A normally-open contact on the same 
relay prevents the homing speed reference 
being given to the electronic equipment at all 
generator voltages above that required for hom- 
ing. 

The design requirements of the centrifuge 
were specified by the Air Ministry Works 
Directorate to meet the functional requirements 
of the Institute of Aviation Medicine. M. B. 
Wild and Co., Ltd., of Birmingham, acted as 
main contractors. All the electrical plant and 
control gear was supplied by The General Electric 
Company, Ltd. The cars were fabricated by 
Air Service Training, Hamble. 





Fite ResEARCH CouNciL.—Arrangements for the for- 
mation of a co-operative research organisation for the 
file-making industry, to be known as the File Research 
Council, have been completed. Initially thirty-nine 
members will eng og in the activities of this council 
and between them these firms are providing the greater 
ee of the necessary funds. Financial support is also 

ing given by the Government in the form of a grant 
from the Department of Scientific and Industrial Research 
and it is hoped that membership of the council will 
increase as its work becomes established. A research 
team will be built up and housed in laboratories rented 
from the British Iron and Steel Research Association in 
Sheffield and there will be a close working collaboration 
with B.I.S.R.A. The member firms of the File Research 
Council will finance, control and operate their own spec- 
ialist research facilities, but file research staff will be able to 
draw on B.I.S.R.A. information and metallurgical data. 
Preparatory work has already commenced with the forma- 
tion of executive and research committees under the 
chairmanship of Mr. R. P. Wallace, of Wm. Jessop and 
Sons, Ltd., and Colonel W. S. Tyzack, of W. Tyzack, 
Sons and Turner, Ltd., respectively, and the council’s 
research superintendent will be Mr. C. N. Kington, 
Group Manager of B.I.S.R.A. (Sheffield) Laboratories. 
The secretary of the council will be Mr. E. A. Tuxford, 
Light Trades House, Melbourne Avenue, Sheffield, 10. 
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National Physical Laboratory 


Bye annual Open Day of the National Physical 
Laboratory was held on Friday, May 20th. 
On these occasions the scientific public has an 
opportunity of seeing the varied work carried out 
at Teddington, of which only a few highlights 
can be described here. The National Physical 
Laboratory comprises nine Divisions, in addition 
to which there is a test house. 


AERODYNAMICS 


High-Speed Flow.—Wind tunnel studies of 
wing sections at high speed have been in progress 
for some time. This work, which has led to an 
understanding of the effect of shock waves and 
separation on two-dimensional aerofoils and 
control surfaces, is now being extended to swept- 
back wings. 

Boundary Layer Control.—The possibility of 
maintaining laminar flow over a fuselage, in- 
cluding the wing-root junctions, by means of 
boundary layer suction, is being investigated in 
the 13ft by 9ft tunnel. 

Helicopters ——Compared with fixed-wing air- 
craft, relatively little is known about the aero- 
dynamics of the helicopter, and wind-tunnel 
tests of a tandem-rotor model will now be carried 
out to study the lift, drag and pitching moments 
for various configurations of the rotors. Our 
first illustration shows the model which has 


actuating a pattern of contacts, transfers the 
reading to punched cards. 


MATHEMATICS 


Digital Computer—The “Deuce” digital 
electronic universal computing engine, which 
has recently been installed, is an improved 
engineered version of the ‘“‘ Ace”’ pilot model. 
Operating on the binary scale with a pulse 
frequency of 1 megacycle per second, it uses 
trains of thirty-two pulses to represent numbers 
of nine decimal digits. If greater accuracy is 
required, longer trains may be used. Instructions 
and data are fed in by punched cards and the 
output is also obtained on cards, either in binary 
form for further use by the ‘machine, or in 
decimal form for printing. A ‘“‘memory” of 
twelve mercury delay lines is fitted, each line 
capable of holding 1024 digits. This is supple- 
mented by a magnetic drum store similar to the 
one used with the “‘ Ace” model, but having 
256 tracks. The drum has a much larger capacity 
than the delay lines, but is about ten times slower. 

Punched Card FEquipment.—An_ electronic 
punched card machine has been installed which 
can perform a unit operation on twenty-digit 
numbers in about one-twentieth of a second. 
The contents of the arithmetic unit are displayed 
on a panel of neon lights, each digit being repre- 





Model of tandem-rotor helicopter for wind tunnel tests. The rear rotor (left) is adjustable in position 
and height and can be tilted 


electrically driven geared rotors of 4ft 3in dia- 
meter. At the maximum speed of 1800 r.p.m. the 
blade tips will travel at 400ft per second, involving 
a centrifugal acceleration of some 2300g. By 
making the blades of hollow magnesium with 
brass leading edges, the centre of gravity is 
brought close to the centre of pressure and twist 
is minimised. The model will be mounted in an 
inverted position, the rear rotor is adjustable 
longitudinally, and vertically, and can also be 
tilted forwards or backwards. 

Open Jet Tunnel.—Studies are carried out on 
the superstructure of ships with a view to improv- 
ing smoke dissipation. Other investigations 
include airflow over the flight deck of an aircraft 
carrier, and the efficient design of factory 
chimneys. 


CONTROL MECHANISMS AND ELECTRONICS 


Magnetic Drum.—Our second illustration 
shows a rotating drum used as an information 
store in the “Ace” digital computer. Its 
magnetic surface has 128 tracks each capable of 
holding 1024 digits, and moves at over 70 m.p.h. 
Synchronisation with the computer is to 1 minute 
of arc (0-0005in on the drum’s surface), and 
each digit occupies about 0-012 square inches. 
Two sets of sixteen heads, one for recording and 
one for reading, can be moved independently 
by means of the electromagnetic shifting devices 
shown at the top of the assembly. 

Data Processing Equipment.—A commercial 
self-balancing sixteen-point recorder has been 
modified by the addition of a cam which, by 


sented by a combination of four lights of indi- 
vidual values 1, 2, 2 and 4. 


ELECTRICITY DIVISION 


Measurement of Audio-Frequency Power.—A 
wattmeter suitable for frequencies up to 20,000 c/s. 
was shown in which amplifiers supply currents 
to the measuring coils proportional to the voltage 
and current in the test circuit. The instrument, 
which can also be used to measure -voltage and 
current separately, is stated to be accurate to 
4 per cent of full-scale deflection at low power 
factors, and even better at high power factors, 
and disturbances of the measured circuit is almost 
entirely avoided. 

Michelson-Morley Experiment.—An improved 
version of the Michelson-Morley experiment 
was shown, in which microwaves of frequency 
9200 megacycles per second were used in place 
of light. A cavity resonator 7in long by 3in in 
diameter was rotated from a position along the 
earth’s orbit to a position at right angles, reson- 
ance being maintained by the oscillator. Accord- 
ing to the pre-relativity theory of an “ ether- 
wind,” a change of 27 c/s should occur, but the 
observed change amounted to no more than 
0:2c/s. This supports the result obtained by 
Michelson and Morley, which, it will be recalled, 
was one of the facts at the basis of the Theory of 
Relativity. 


LIGHT DIVISION 


Tests on Vehicle Reflectors.—For the rapid 
testing of red rear reflectors, the production of 
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Magnetic drum for storage of information in A.C. 
pilot computer. The drum revolves at 6250 r.p.m, 


which has been greatly increased through recent 
legislation, a telephotometer is being used. The 
optical field of the instrument is split: 
one part receives light from the reflector 
under test, the other from a matching source. A 
colorimeter giving a mixture of three primary 
colours in known proportions can be used as 
the matching source, in order to establish 
objectively the amount of red in the reflected 
light, which, if too pale, may be mistaken for 
amber. 

Gratings.—Diffraction gratings can be obtained 
in the form of gelatine casts from metal cylinders 
into which a very fine helix has been cut. A new 
plastic process allows up to about thirty replicas 
to be made from the gelatine. They may be 
matched up endwise on a glass base and in con- 
junction with electronic fringe-counting devices 
can be used for the measurement of lengths. 


METALLURGY DIVISION 


Creep and Relaxation Tests on Steels for Steam 
Power Plant.—Comprehensive high-temperature 
data for times up to 10,000 hours have been 
obtained for creep and rupture of austenitic 
and ferritic superheater tubes and steam pipes, 
and ferritic cast steels for turbine casings. 
Relaxation has been studied under conditions 
simulating that of flange bolts in service. Speci- 
mens were cut from actual service components 
and the tests are being extended to over 10,000 
hours. 

Grain Boundary Embrittlement.—Iron with 
0-05 to 0-10 per cent of phosphorus is ductile 
if cooled slowly from 950 deg. Cent., but brittle 
if quenched from 700 deg. Cent., breaking at 
under 1 ton per square inch in tensile tests per- 
formed at —196 deg. Cent. This and similar 
instances in which no discrete phase has been 
identified at the crystal boundaries, are being 
investigated by radioactive tracer techniques. 

Fatigue Studies.—The ultimate origin of fatigue 
cracks is still a mystery. Low-angle scattering 
of X-rays is now being used to study possible 
changes in the lattice structure caused by small 
tensile strain, and some results have been obtained 
for copper which point to such changes taking 
place. 


METROLOGY DIVISION 


Comparison of Line Standards of Length— 
The accuracy attainable with an ordinary micro- 
scope is limited by the finite width of the gradua- 
tion lines, about 0:005mm. By using a micro- 
photometer registering the rate of change of 
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ity of the line image two positions can be 
found for which this rate is a maximum. The 
tue position of the mark is then taken as the 
mean Value. In this manner, two standards can 
be compared to a few hundred-thousandths of a 
millimetre. : 

Pitch Error in Serrated Roots of Turbine 
Blading.—In this comparator the blade is 
mounted so that all flanks on one side of the 
fir-tree serrations are contacted in turn by 

rs mounted on an automatically rotating 
head. Each stylus is flexibly pivoted and by 
means of an adjustable strut transmits its reading 
to a single sensitive dial indicator at the top. This 
comparator was described in last week’s issue, 
692. 

Density of Mercury.—Precision measurements 
are in progress to determine the density of 
mercury. One method uses the buoyancy of a 
cube of tungsten carbide, the other consists in 
weighing a known volume of mercury obtained 
by filling a hollow cube built up from very 
accurately worked blocks of fused silica. 

Primary Standard Barometer.—For the range 
(mm to 900mm a standard barometer has been 
completed which consists of a large diameter 
U-tube. The mercury in the tube and that of an 
adjacent datum level are in turn “ sighted” by 
one of two optical devices, one for each limb, 
which can be moved along a linear scale. The 
position in which the instrument is accurately 
focused in the mercury is shown by a flash of 
light, registered by a photocell, which occurs 
when the reflected image of a special grating is 
exactly superimposed on a similar grating in 
front of the photocell. Variations in response 
due, e.g. to tarnishing of the mercury, are com- 
pensated for by splitting the reflected beam with 
a half-silvered mirror and allowing the split-off 
light to fall on a second photocell. The cells are 
placed in adjacent arms of a Wheatstone bridge. 


































Puysics Division 
Equal-Loudness Contours.—Statistical tests in- 
volving over 100 people have recently been 
completed to determine the relation between the 








1953 storm surge. 






poe accompanying illustrations show the 
construction of a large sea wall at present 
nearing completion on the North Kent coast 
between Birchington and Reculver. Severe 
breaches were caused here at the time of the 
storm and tidal surge of January 31—February 1, 
1953. Remedial works were undertaken on a 
large scale along the East Coast during 1953, 
and 1954,* most of them being completed within 
twelve months or so of the disaster. Between 
Birchington and Reculver, however, although 
temporary protective works, which in themselves 
were a major task, were quickly constructed, the 
permanent works took longer to complete ; 
there were certain difficulties of access which had 
first to be overcome before they could be started, 
and the new wall is of more massive proportions 
than others on the East Coast. 


* See THe ENGINEER, December 4, 11 and 18, 1953, and 
January 1, 1954, 
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subjective ‘‘ loudness” of a note and its pitch. 
The subjects were required to indicate which of a 
pair of notes of unequal pitch was the louder. 
These tests covered the complete range of the 
human ear and entailed about 100,000 judgments. 
The relations between pitch and energy of 
‘““equally loud” notes constitute ihe ‘* equal- 
loudness contours”’ for which it is hoped a 
generally acceptable standard has now been 
obtained. 


SHip Division 


Radio-Controlled Model.—Investigations of the 
manceuvring characteristics of ships by model 
tests require the use of a remotely controlled 
free model. In the radio-control equipment 
developed for the division by Vickers-Armstrongs, 
Ltd., Weybridge, a carrier of 465 megacycles 
with nine audio-channels is used. The control 
desk has two levers and a wheel, controlling 
respectively the port and starboard motors and 
the helm of the model. A group of nine filters 
in the model actuates three groups of three 
change-over relays, which, in turn, operate three 
separate motors. These motors are geared to 
the rudder and to rotary resistors in the armature 
circuits of the propulsion motors. 


TEST HOUSE 


Trichlorethylene Inhalers —The National 
Physical Laboratory has undertaken the testing 
of the recently introduced trichloroethylene 
inhalers for the Central Midwives’ Board, to 
the specifications of the Medical Research 
Council. In view of the change in vapour 
pressure of trichloroethylene with temperature, 
the airflow through the inhaler is controlled by a 
bimetallic valve, with a suitable by-pass to the 
non-return mouthpiece. Special equipment to 
simulate human breathing at various rates has 
been developed. The inhalers are placed into 
thermostats and tested four at a time for resist- 
ance to the flow and concentration of the 
analgesic. A Rayleigh refractometer is used to 
analyse the mixture obtained in each test. 


Sea Wall on the North Kent 
Coast 


The sea wall between Birchington and Reculver, construction of which is almost 
finished, protects an exposed length of coastline which was severely damaged in the 
For a length of 1550ft a wall of substantial cross section, 
incorporating precast concrete facing blocks, was required. 


Along this length of coastline the beach levels 
are generally low, and the coast is exposed to 
the full force of northerly gales. - Thus, a wall 
capable of withstanding considerable wave action 
was necessary. At the time of the 1953 disaster, 
the still water level at the peak of the surge was 
estimated at +15-5 O.D.; and the estimated 
height of the waves—from trough to crest— 
was thought to have been 6ft or more ; the high 
water of ordinary spring tides is at 7:50 O.D. 
The bull-nosed wave wall surmounting the new 
wall has a coping height of +23 O.D., and the 
roadway behind it is at +20°50 O.D. The 
seaward face comprises a cellular construction of 
reinforced concrete beams, filled in with sub- 
stantial precast concrete blocks. This construc- 
tion, as the cross-sectional drawing shows, 
slopes at 3:1 near the crest, but at shallower 
slopes in the lower parts. The grid of reinforced 
concrete beams is replaced in the lowest part of 
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the wall by timber sheet piling, and the toe has a 
steel-sheet-piled cut-off, with piles 10ft long. 
This part of the wall is only exposed for a short 
period at low tide, hence the substitution of light 
sheet piling instead of concrete beams. The full 
section shown in the drawing is termed the 
“V ” design, but in parts of the work where the 
beach levels were higher, the lower construction 
with the timber sheet piling was omitted, to give a 
“U” design and, where conditions permitted, 
two more panels were omitted from the cross- 
section, giving the ““T” design. A substantial 
toe was built in each case. The work also 
included lengths of box wall (“ P,” “Q,” “R” 
and “*S” designs) linking with the existing sea 
defences at each side of the length of 3 miles 
involved in the present reconstruction scheme. 

The reinforced concrete framing of the upper 
part of the “‘ V”’ wall (i.e. the second coping at 
+13 level, the inclined beams between the two 
copings, the top coping at +23, and the beams 
under and behind the roadway) is built mono- 
lithically as a box-like structure. This part, in 
fact, comprises the ‘‘ T ” design. The “* boxes ” 
are about 32ft in length with six panels, the cross 
beams being spaced lift apart. Hinge joints 
are formed in the structure seaward of the second 
coping, to give sufficient flexibility to allow for 
settlement. Transverse joints are formed at a 
narrow bay 6ft to: 10ft in width, where the 
longitudinal beams are broken at the centre of 
the bay; these joints are spaced 32ft apart. 
The normal width of the bays in the “T” 
design is 15ft. The precast blocks are 15in by 
15in by 15in in size and are jointed with bitumen. 
It is expected that a reasonably flexible structure, 
which will be able to take up the inevitable 
settlements caused by building on a new clay 
embankment, has thus been provided. 

Should conditions similar to those of the 
1953 surge again be experienced, water would 
still pass over the wall in fair quantities. So as 
to obtain an idea of the wall’s behaviour in such 
a case, hydraulic model tests were carried out at 
the Neyrpic Laboratory at Grenoble. With a 
still water level of +15-5 O.D. it was found that 
more water than had been expected. came over 
the wall. However, no other practicable profile 
gave better results. The design, therefore, 
includes a substantial apron of precast concrete 
blocks on the landward slope, draining into a 
delph ditch. With these precautions, it is thought 
that the wall will not be harmed by scour on the 
landward side, as happened to many embank- 
ments in 1953. 

The first stage in the construction of the new 
wall was the building of an access road (the only 
existing access was at each end of the works and 
was unsuitable for heavy traffic) which included a 
“* single-single ” Bailey bridge spanning 52ft over 
the London-Margate main railway line. The 
bridge is carried on two Bailey crib piers 15ft 
high and has 120ft approach spans on each side, 
sloping at 1 in 13. The delph ditch behind the 
wall was then dug and the excavated material 
used, with the addition of hard core, to form an 
access road behind the embankment built in the 
emergency stage of the works. The derricks 
shown in our illustration have a 120ft jib and 
can lift 2 tons at maximum radius, thus they have 
sufficient reach for all the work except at the 
extreme toe ; for pile driving with the timber and 
steel sheet piles, an excavator, travelling on navvy 
mats, was used on the beach. The way in which 
the precast blocks are handled in trays can be 
seen in the illustration. These blocks are of 
high-quality concrete, with a specified twenty- 
eight-day strength of 5950 Ib per square inch. 
During construction it was found that the nature 
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Breach, Jan. 1953 


Cross section of sea wall between Reculver and Birchington 
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Construction of sea wall in progress on.the North Kent Coast. 
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Precast blocks are being 


handled by the derricks 


of the foreshore changed abruptly from clay to 
silt in some places. In the silt zones the lengths 
of the piling were increased and extra piles were 
driven. 

In the emergency works, a chalk embankment, 
forming a second line of defence, was built 
alongside the railway. Its total length i is 24 miles. 
The total quantity of fill in this chalk embank- 
ment was 318,000 cubic yards. An additional 
258,500 cubic yards of filling material was needed 
for the permanent works. 

The box wall mentioned earlier (designs 
“Pp” “QO.” “R” and “S”’) consists of monc- 
liths, each about 60ft long and made up of five 
reinforced concrete boxes about 9ft 6in deep by 
11ft 3in in width, built at the crest of a clay 
embankment, filled with clay or shingle, and 
surmounted by an access road. The reinforced 
concrete elements forming the box are light, but 
the whole structure is of substantial strength. 
The type “P” wall has inclined reinforced 
concrete beams forming a grid on the seaward 
slope of the embankment, similar to the “T” 
design already mentioned. A contract for a box 
wall of this kind had, in fact, been let just before 
the 1953 disaster, but where the existing embank- 
ment had been extensively damaged a different 
type of design had to be considered. However, 
it was possible to use the original box design over 
lengths totalling 2 miles. The full profile, as 
shown in our drawing, has been built over a 
total length of 1550ft (i.e. over the length where 
the principal breach of 1953 occurred) and the 
intermediate “T” and “U’” designs over 
3250ft, linking with the lighter box walls. A 
box wall had been built at the Birchington end 


reinforced concrete framework of upper part of wall 


of this length of coast before the 1953 disastert 
and stood up well to that test. The present works 
also included reconstruction of a tidal outfall 
which was completely destroyed in 1953. The 
new outfall—the coffer dam for which is shown 
in one of the illustrations—consists of a 10ft by 
4ft 6in reinforced concrete culvert ;_ the coffer 
dam piling was cut off at the top of the culvert, 
on completion of the work. 

The works described in this article have been 
built at a cost of about £1,500,000 (not including 
the emergency works of embankment con- 
struction) and have been built to the design of 
the chief engineer of the Kent River Board, 
Mr. J. I. Taylor, M.B.E. The main contractor 
for the sea wall was the Demolition and Con- 
struction Company, Ltd., but the emergency 
works were carried out by Mears, Ltd., and the 
box wall was built by J. W. Ellingham, Ltd. 





Photographic Equipment for Making 
Duplicating Stencils 


AN equipment which combines the photo- 
graphic and stencil duplicating processes for the 
reproduction of written, printed, drawn or 
illustrated documents has been developed by 
Gestetner, Ltd., Aldwych House, London, W.C.2. 


This equipment is known as the “‘ Photoscope ”’ 
and it transfers the image from an original 
directly on to a special form of stencil, which 
after a simple processing operation can be used 





+ Paper No. 5897, by S. Cubley Crowther, Proc. Inst. C.E., 
Vol. 2, No. 1, February, 1953. 
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Equipment for making duplicating stencils by a 
photographic process, with enlarged or reduced 
reproduction of original copy size 


in the normal way to run off any required number 
of copies on a duplicating machine. With it the 
original copy matter can be reduced or enlarged 
to the size required, the maximum degree of 
reduction or enlargement being 1-8 to 1. 

The general construction of the machine can 
be seen in the illustration on this page. It con- 
sists of an attractively finished sheet steel cabinet 
6ft 9in high and occupying about 4ft by 6ft of 
floor space. Above the raised floor of the 
exposure chamber of the cabinet is a copy- 
holding table for original manuscripts, drawings 
or books up to 23in by 29in, and it is fitted with 
adjustable positioning strips. A recess on each 
side ot the chamber contains two 5O0O0W lamps, 
and reflectors in these recesses are so arranged 
that there is no need for making lighting adjust- 
ments before exposure. A bellows carrying the 
lens is supported from the roof of the chamber, 
and through counterbalanced controls the 
distance between the copy table and the lens can 
be quickly adjusted in accordance with the 
required degree of enlargement or reduction. 

A transparent panel or image plane on top of 
the cabinet opens into the bellows compartment 
and accommodates stencil sheets up to 164in by 
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jin. The stencils are held down on the panel 
py a hinged frame fitted with a vacuum blanket 
and locked by a clamp. When the frame has 
een closed and locked over a stencil the air is 
exhausted by a small motor-driven exhauster 
yd the blanket presses the stencil firmly and 


N order to obtain detailed information on 
Tike structure of undersea coalfields off the 
coast, the National Coal Board has had a 
special tower designed and built for exploratory 
boring purposes in the Firth of Forth. This 
tower can be floated out to the required point 
at sea and lowered on to the bottom, and it 
will provide a stable working platform for drilling 

ses. By taking test borings in this way 
detailed information will be obtained of the 
position and quality of coal seams so that future 
mine layout can be planned to suit the structure 
of the measures. It is hoped by this new pro- 
cedure to replace the hitherto costly method of 
determining the position and quality of undersea 
gams by actual extension of the existing work- 
ings. The construction of this tower has involved 
an expenditure of some £240,000, but if it is 
suocessful the cost will be spread over a number 
of other projects round the coasts of this country. 

The erection of a tower was recently completed 
at St. David’s Harbour on the Firth of Forth, 
and it will be used initially in connection with the 
planning of the workings of the new Seafield 
Colliery. ‘The first borehole will be made at a 
point about 14 miles off shore, and if this work 
is successful the tower will be refloated and 
moved to drive a second exploratory bore 14 
miles eastwards and 3 miles off shore. 

The work entailed in the designing, construc- 
tion, launching and positioning of the new tower, 
was placed with Messrs. Maunsell, Posford and 
Pavry, the consulting engineers, and the explora- 
tory drilling will be done by the Foraky Boring 
and Shaft Sinking Company. The consulting 
engineers had considerable experience in the 
design and construction of sea towers during the 
last war, when they were responsible for the design 
of forty-six sea forts. The new drilling tower has 
been designed on the same lines as one of these 
forts. 

The tower can be seen in an advanced state 
of construction in the photograph reproduced, 
which was taken when it was grounded at low 
tide, and clearly shows the main base members. 
The drilling and recovery of cores will take 
place on the tower as in land working, except 
that a tubular casing some 24in diameter will 
be used to shield the drilling rods extending 
down into the sea bed. The tower has been 
designed to work in depths of water up to 20 
fathoms at low tide and constructed to withstand 
gales up to 80 miles an hour and waves measuring 
30ft from crest to trough. : 

The main contract for the construction of the 
tower was placed with the Cleveland Bridge 
and Engineering Company, Ltd., which firm 
also supplied the steelwork for the pontoons, 
base girders, and upper decks. The 120ft high 
tower is built of tubular members supplied by 
and designed in conjunction with Tubewrights, 
Ltd., and Stewarts and Lloyds, Ltd. The four 
legs of the tower are supported on a box girder 
base of cruciform shape and weighing some 80 
tons. Each cross section of the base is built as a 
double box girder 165ft long by 7ft high and 
3ft wide, and it is internally braced and divided 
into four airtight sections. When the tower is 
In position on the sea bed the compartments 
in the base will be flooded to provide a stabilising 
weight at the bottom of the structure. When 
the tower is being prepared for towing out to 
the working site, or between sites, these base 
compartments are pumped out and filled with 
compressed air to counteract the head of water 
above. 

At the base the legs of the tower are set at 
80ft centres, and they are tapered inwards to 
40ft centres half way up the structure. The 40ft 
square section is extended up a further 60ft, and 
20ft below the top, branch members extend out- 
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evenly down to ensure good contact oa the image 
plane. According to the nature of the original 
copy used, it is possible to vary the exposure 
times with this machine between one and three 
minutes, and the time is automatically con- 
trolled by the use of a presetting unit. 


Off-Shore Coal Boring Tower 


wards to support the girders forming the base of 
the working deck. This working deck, which is 
130ft above the level of the underside of the base, 
is octagonal in shape and measures 86ft from 
side to side. 

Of the ninety tubular members from which 
the tower is built, sixty-four are in compression 
and twenty-six in tension, and there are twenty- 
four multi-branch joints at which from four to ten 
tubes are connected, At the four corners, where 


Off-shore boring tower for the National Coat Board. The upper platform and 
crew’s living quarters have been completed and the drilling rig is in position 


the tower is bolted to the cruciform girder base, 
each joint has five branches, composed of 24in, 
18in and 15in tubes. The compression members 
are flanged and bolted to the joints, while the 
tension members have double-jawed heel pieces 
which are pinned to the single heel piece on 
their respective joints. At the intermediate 
joint, 66ft above, each of the four joints has six 
branches—two for the 24in members and four 
for 18in members. These 18in tubes taper to 
16in at the joint to allow the branch stubs to 
be joined to the larger diameter tubes with good 
welded connections. At the top of the four main 
members are joints with ten branches each for 
the small diameter tubes which branch out to 
support the deck structure. It should be pointed 
out that the structural members are flanged and 
bolted to the joints instead of being welded, so 
that the tower can be readily dismantled if 
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it is necessary to move it over long distances. 

A drilling rig 54ft high mounted on the working 
deck is similar to that normally used on land, 
and there is sufficient room for racking the drill- 
ing rods and storing up to 90 tons of tubular 
casing for the borehole. This tubular casing of 
flanged sections, which is 145ft long and 24in in 
diameter, will be used to guide the drill to the 
sea bed. It is fitted with a case-hardened shoe 
to bite down into the sea bed, and it will act as a 
caisson to enable boring to be carried out much 
the same way as test boring on land. When the 
tube is lowered it is guyed to prevent deviation 
from the vertical, and when in position it will be 
braced to the main tower members. 

The deck is covered with a timber flooring and 
is served by 2-ton mobile cranes which will be 
used for handling heavy equipment and the 
stores delivered by boat to the tower. An 
accommodation deck slung beneath the main 
deck provides well-fitted cabins for twenty-five 
men, a boremaster’s office, a galley, a mess, a 
recreation room and a soundproofed generator 
room. - This generator 
room is fitted with three 
Crossley/Crompton 
Parkinson diesel engine 
generator sets, which will 
provide power for sea 
water pumps, heating 
and lighting. The drill- 
ing rig is fitted with its 
own power unit. A sea 
water distillation plant 
supplied by Buckley 
and Taylor, Ltd., pro- 
vides fresh water for 
the men living on the 
tower. 

With all its equipment 
the tower will weigh 
nearly 500 tons and the 
method of lifting, trans- 
porting and lowering on 
the site will be similar 
to that developed by 
Messrs. Maunsell, Pos- 
ford and Pavry, for the 
sea forts. For this pur- 
pose two pontoons, each 
170ft long, 17ft 6in 
across and 7ft high, have 
been built. These pon- 
toons are fitted with 
electrically operated 
Woodfield winches for 
raising and lowering the 
tower on site through 
four sets of heavy twin 
hawsers. Power for driv- 
ing the lifting winches 
is supplied by the gen- 
erating equipment on 
the tower itself. 

The total displacement 
of the tower with the 
two pontoons is about 
750 tons, which will be 
reduced to about 200 
tons when the hollow 
base is filled with com- 
pressed air. Two tubular 
steel booms, each 94ft 
6in long, fixed across 
the ends of the pontoons, 
will secure them in position and keep them in 
alignment while the tower is being towed. 

The first borehole to be made by the tower will 
be in about 80ft of water and will be driven to a 
depth of about 1800ft or 2000ft. Provision is 
made for the tower height to be increased if 
deeper water is encountered on other sites. 
For this purpose an additional section can be 
introduced under the deck level to increase the 
height of the tower by 40ft. 





Cast STEEL GEAR WuHEEL.—A double helical gear 
weighing 14} tons, recently cast and cut by David 
Brown-Jackson, Ltd., of Manchester, is the heaviest 
wheel ever supplied by the company as a one-piece 
casting. It was supplied to the Mirrlees Watson Com- 
any, Ltd., for use on a sugar cane crushing plant in 
outh Africa. The wheel is 12ft in diameter, has 187 
teeth of 1} D.P. and a face width of 26in. The order also 
included the cutting of the mating pinion. 
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Metallurgical Topics 


** Siliconising ’’ of Steel 


SILICON is a valuable element for conferring 
on steel protection against corrosion and scaling. 
The 3 to 4 per cent of silicon in transformer sheet 
has little influence on surface properties, but 
already at this silicon content there are difficulties 
in the cold working of the material. At 6 per 
cent of silicon there is some improvement in 
corrosion resistance, and 6 per cent silicon steel 
castings have been used, on account of their 
resistance to scaling, in roasting furnaces which 
operate at temperatures up to 800 deg. Cent., 
but the alloy is practically unworkable. Iron 
with 7 to 8 per cent of silicon is resistant to fatty 
acids, but only at upwards of 13 per cent of 
silicon can the alloy be classed as a good acid- 
resisting material. The alloy with 14 per cent 
of silicon can only be machined by grinding, and 
brittleness and a tendency to crack make the 
commercial production of a 16 per cent alloy 
very difficult. For these reasons, much attention 
has been devoted to methods by which silicon-rich 
diffusion coatings can be produced on steel. 
Hitherto the most successful of these is that of 
H. K. Ihrig, who introduced siliconised steel 
tubes and other structural components in acid- 
handling plants. Low-carbon steel parts, packed 
in powdered silicon carbide and heated to 950 deg. 
to 1000 deg. Cent. in an atmosphere containing 
chlorine, are impregnated with silicon to a depth 
of 0-005in to 0-lin according to conditions of 
time and temperature. The outer two-thirds 
of the coating is generally uniform at about 
14 per cent of silicon, which then decreases in 
the remaining third. The outer layer, with 12 
to 15 per cent of silicon, is indeed very resistant 
to acid attack, but is permeated with microscopic 
pores which may enable corrosion to start. 

The conditions of formation of high-silicon 
coatings are discussed in three recent papers by 
E. Fitzer.* The technically important layers 
are the solid solution of at least 6 per cent silicon 
for scaling protection and the 12 to 16 per cent 
silicon layer, containing Fe,Si, for resistance to 
corrosion by acids. A firmly adhering, pore-free 
protective layer with more than 11 per cent of 
silicon cannot be formed by diffusion from a 
solid charge ; thus, an acid-proof layer on iron 
cannot be produced by solid reactions alone. 
Layers of 6 to 12 per cent silicon remain firmly 
adherent under thermal stresses; but layers 
richer in silicon are apt to spall off in heat-treat- 
ment or high-temperature fluctuations owing to 
differential volume changes at the interface. The 
protective effect is produced by the formation of 
a film of silica on the surface ; but high-tempera- 
ture applications are limited by the formation of 
iron silicate (fayalite 2FeO, SiO.), with a melting 
point of 1210 deg. Cent., as well as by the 
mechanical properties of the underlying metal. 

By means of silicon halides (as in the Ihrig 
process), acid-resisting layers containing 12 to 
15 per cent of silicon can be obtained. The 
siliconising is effected by packing the component 
in silicon, ferro-silicon or silicon carbide powder, 
and heating in a halogen containing atmosphere, 
or by heating in a vaporised silicon halide, 
usually silicon tetrachloride, in an inert or 
hydrogen atmosphere. In Fitzer’s second paper, 
the thermodynamic principles of these methods 
are explained, the conditions of reaction of 
various silicon halides are discussed and the 
formation of Fe,Si and of intermediate layers 
is illustrated by a number of photomicrographs. 

The third paper deals with the influence of 
different alloy elements on the siliconising of 
steel, and this again is well illustrated with 
photomicrographs. The simultaneous diffusion 
of silicon with chromium, aluminium or titanium 
into the steel surface had a favourable effect on 
protection against scaling, and with chromium, 
molybdenum or tantalum similarly improved 
corrosion protection. Two examples were given 
of the siliconising of alloy steels : the formation 
of an acid-resisting coating on iron-molybdenum 
alloys and the protection of chromium steels 





* Archiv Eisenhiittenwesen, 1954 ey ag erga page 
/Decem arch, page 159. 
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against vanadium pentoxide attack by a 
siliconised diffusion coating. The sinter 
siliconising of iron-molybdenum alloys with 2 to 
7 per cent of molybdenum was stated to give a 
coating containing Fe,Si, resistant to mineral 
acids and to hydrofluoric acid, while the 
siliconising of chromium steels, followed by 
diffusion annealing for ten hours at 1200 deg. 
Cent. gives a surface highly resistant to scaling. 
In the production of this coating the formation 
of Fe,Si must be avoided. Such a coating is 
claimed (as a result of the work of E. Fitzer and 
J. Schwabf) to be particularly valuable as a 
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Improved resistance of siliconised chromium and 
chromium-nickel steels to vanadium pentoxide 
attack (Fitzer) 


protection against vanadium pentoxide attack 
in gas turbines or other equipment burning crude 
fuel oil. The diagram above shows the loss 
of weight of different alloys in certain short- 
time tests. The chromium oxide film on high- 
chromium steels, and a chromised coating failed 
to protect and the non-adherent siliconised 
coating with 14 per cent silicon was not satis- 
factory, but the silica film on the diffusion- 
siliconised coating on chromium and chromium- 
nickel steels appeared to show, in these short- 
time tests, good resistance to scaling in the 
presence of vanadium pentoxide in an oxidising 
atmosphere. 


Activated Sintering of Metal Powders 
H. W. GREENWOOD* 


Ir is interesting to note that out of fifty-odd 
papers presented at the recent (December 1 and 
2, 1954) Powder Metallurgy Symposium in 
London there should be three papers dealing 


either directly or indirectly with ‘* Activated . 


Sintering,” and others discussing various methods 
of controlling such a process, and all these papers 
aroused lively interest. 

Dealing with activation were : “ The Sintering 
Mechanism of Pure Metals,” by Dr. Eudier, in 
which Dr. Eudier discussed various reactions, 
physical or chemical, that can take place in a 
powder compact, and concluded that “‘ one of 
these accelerating methods could be used indus- 
trially and seems to be valuable.”” The process 
produced compacts having a comparatively low 
density, but having somewhat unusually high 
elongation value after sintering for only a short 
period. Sintering was carried out in an atmo- 
sphere which at the commencement of the 
sintering contained a hydrogen halide. This 
brought about the formation of salts on the 
metal powder particles which became molten at a 
given temperature, the liquid tending to gather at 
the sharp corners of the pores rounding off the 
pore cavities. By changing the composition of 
the atmosphere in the furnace the salts may then 
be decomposed and the metal atoms agglomerate, 
but the pores retain their rounded form. These 
rounded pores are produced without increasing 
shrinkage and, it is claimed, this rounding 

+ Berg-u. hiittenmann. Monatsh., January, 1953, page 1. 

* Powder Metallurgy Ltd., 59/62, High Holborn, W.C.1. 





eliminates the notch effects caused by irregularly. 
shaped pores. A simple method of carrying oy 
the process consists in placing the green com. 
pacts in a box with a lid sealed with alumin, 
cement, a small quantity of a suitable salt being 
introduced with the compacts. Ammonium 
fluoride is cited as a suitable salt which decom. 
poses at 250 deg. Cent., setting free hydrogen 
fluoride which forms a film of iron fluoride op 
the surface of the iron particles. At aboy 
1045 deg. Cent. iron fluoride is decomposed by 
the hydrogen in the furnace atmosphere and 
slowly diffuses out of the box. Using this tech. 
nique the author quotes an iron compact, density 
of 5-7, giving an elongation of 10 per cent a 
fracture. This process is reminiscent of that 
covered by U.S. Patent 2,675,310 (April 13, 1954) 
which claims that the sintering of tungsten, 
molybdenum, tantalum, titanium and zirconium 
powders is greatly facilitated by sintering in q 
flowing stream of inert gas containing a small 
percentage, by volume, of chlorine, iodine or 
fluorine. The usual pressing of the powder js 
necessary, but sintering can be effected at a 
considerably lower temperature and an example 
is quoted of tungsten being sintered in two 
hours at 1200 deg. Cent. by using a stream of 
nitrogen containing 0-01 per cent of chlorine, 
Molybdenum can be sintered in a similar atmo- 
sphere at a temperature of only 950 deg. Cent, 
The patent states that the greater ease of sintering 
depends on the occurrence at the sintering 
temperature of reversible reactions leading to the 
formation and decomposition of the correspond- 
ing metal haloids. 

In a communication to the Soviet Academy of 
Sciences in 1954 (Doklady Akad. Nauk., 1954, 
97 (5), 875-877), attention was drawn to the 
accelerating sintering obtained by incorporating 
small amounts of certain substances in the press- 
ings, using ferric chloride in powder form. This 
is not very dissimilar to the claim of Dr. Eudier 
that the reactions he has described appear to 
occur on a cyclic basis, as only on some such 
hypothesis can the very small amounts of 
reagent that can bring about the described effect 
be explained. It is believed that the reaction 
products form gaseous currents which facilitate 
the exchange of atoms between different points 
on the surfaces of the pores. The theory of the 
cyclic process is based on the fact that only 
2 grammes of ammonium fluoride or chloride are 
sufficient to produce activated sintering in a box 
1 cubic decimetre in volume and containing 2 
kilogrammes of compacts. This amount of halide 
would be sufficient to produce only a mono- 
molecular layer of iron fluoride on the surface, 
and would be insufficient to cause the observed 
results. 

In another paper read at the same symposium 
by B. Sugarman, certain exploratory work on 
producing stainless steel high-density compacts 
was described, which included 18 : 8 stainless 
steel powder with small additions of molybdenum 
disulphide, and its effect on the porosity, the 
ultimate tensile strength and the grain size. The 
molybdenum disulphide was added as a minus 
300 mesh powder, replacing an equivalent amount 
of minus 300 mesh metal powder. It is explained 
that the addition of the molybdenum disulphide 
was expected to improve the sintering properties 
of the 18 : 8, increase the ductility, and possibly 
facilitate the machining of the resultant material. 
In fact, the porosity of the compact was definitely 
reduced and the ultimate tensile strength was 
improved. The author does not discuss, nor 
explain, the findings, but it would appear that 
there may have been a melting of the molybdenum 
sulphide, which caused a rounding-off of the 
pores, or there may have been the production of 
molybdenum atoms of high mobility such as 
were suggested by Dr. Hausner in the case of 
zirconium. Whatever may prove to be the final 
explanation of the changes that took place, the 
method and the materials definitely influenced 
the sintering and can be said to have “ activated’ 
the process. 

The third paper was offered by Dr. Hausner 
and dealt with the fundamentals of grain growth 
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in metals in general, but with grain growth 
during the sintering of zirconium and beryllium 
in detail, with special reference to densification 
phenomena. Dr. Hausner pointed out that 
hydrides provide the most convenient means of 
preparing zirconium powder; that hydrides 
form in the range 230-800 deg. Cent. and decom- 
at 800 deg. Cent. or above in a vacuum of 
0-054 or better ; and that a sinter cake of zir- 
conium produced in such a manner is capable of 
being easily ground to powder. Both zirconium 
metal and zirconium hydride are easily com- 
ed and sinter readily to a dense mass of zir- 
conium. The hydride has the advantage that it 
sinters to full density at a temperature as low as 
1150 deg. Cent., whereas compacts made from 
rirconium powder do not densify completely 
telow 1350 deg. Cent. As an explanation of 
this, Dr. Hausner suggests that during the 
decomposition of the hydride the zirconium 
atoms became more mobile, causing a higher 
rate of sintering and a more rapid disappear- 
ance of the voids than is the case of compacts 
made from the metal. In other words, the more 
mobile atoms “‘ activate ’’ the sintering process. 
Another example of the effect upon sintering 
of the addition of small quantities of another 
element is contained in B.P. 716,473, in which 
itis claimed that the properties of sintered bodies, 
prepared from metal from which carbon is 
absent, are greatly improved by the addition of 
0:001-0-8 per cent of boron, which apparently 
influences the diffusion conditions obtaining 
during sintering and so aids the production of 
high density even with single pressing and 
sintering. 

In addition to the papers already cited, there 
was one by Professor J. Arvid Hedvall of 
Goteborg, with the title “‘ Factors Influencing the 
Reactivity of Solids with particular reference to 
Metals,”’ in which the author gave a short survey 
of the reactivity of solids in general and metals in 
particular and gave emphasis to the fact that the 
practical exploitation of solids and especially 
metals depends not only on chemical composition 
but also on the structure of their lattice. 

The interior cohesion of a solid substance will 
naturally influence the stability of surfaces, 
including interior surfaces, that is, cracks in a 
crystal even of sub-microscopic dimensions. 

There is also the unsaturated nature of the 
particles at or near the surface due to the lack 
of homogeneity of surrounding force fields, hence 
the study of the mobility of surface particles, 
electrons, atoms, ions and molecules, as well as 
the structure of the surfaces, must be of funda- 
mental importance. It requires only a mention 
of these matters to remind us that we are very 
far indeed from having a tithe of the knowledge 
we really require about all these fundamental 
matters. It would not be entirely wrong to say 
that there is great need of a more detailed 
examination of the part played by lattice defects, 
both reversible, which correspond to computable 
equilibria, and irreversible not corresponding to 
equilibria. 

It may be asked why the metallurgist should be 
interested in these matters. The answer is, that 
the metallurgist must control the processes he 
uses in the production and application of metals 
for his requirements. If he can evolve a theory 

which can account for all the phenomena that he 
meets with in his work, he may be able to apply 
much closer controls and to produce exactly the 
results required. Very obviously he has not yet 
arrived at that very desirable state. 

In the matter of “ Activated Sintering” it 
would appear that already some useful results 
have accrued from the application of some of 
the methods described in the papers quoted from 
the Symposium on Powder Metallurgy. In the 
papers quoted, Dr. Eudier concluded that the 
use of a hydrogen halide facilitated the produc- 
tion, by sintering, of compacts with a com- 
paratively low density, but an unusually high 
elongation value for what was a short sintering 
period. Results of a similar character have been 
obtained by several workers in different European 
countries, using methods which varied slightly 
from one another. For example, it has been 
found possible to produce a test bar using a 
standard iron powder, which, although it had a 
density of only 5-0 grammes per cubic centi- 
metre, could be twisted through an angle of 
180 deg. without any appearance of cracks. 
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Other examples have been published in which 
activated sintering at comparatively low sinter- 
ing temperatures has given materials of com- 
paratively high ductility. 

It can, therefore, be suggested that by using 
one form or another of activated sintering it 
should be possible to achieve a high degree of 
control over the production of iron parts pro- 
duced by powder metallurgy. Actual results 
have shown that by the use of appropriate 
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specimens was, of course, much lower, that of 
the shallow notched specimens being less than 
that of the deep notched specimens, apparently 
because of the higher stress concentration and 
stress gradient in the shallow notched specimens 
in spite of the less highly developed multi-axial 
stress system. The experimental data were held 
to indicate that the influence of the’ multi-axial 
stress system, induced by the notch, in reducing 
the ductility of the titanium is less than that of 


TABLE I—Tensile Properties of Annealed Commercially Pure Titanium 
































Temperature of test 100 deg. 24 deg. —78 deg. —150 deg. | —196 deg. 
Cent. Cent. Cent. Cent. Cent. 
Uniaxial stress : 
Ultimate tensile strength, tons per square inch ... ... ... 29-0 35-3 44°6 53-2 64:3 
Elongation, per cent,on2in ... ... ... «.. 23 22 19 27 41 
Reduction of area per cent : 
At maximum load nia ekby Whalen. he Seas..ldae: too 11 13 . 19 33 
MI der ot ae ates ssl, cae Spe) cnt. ave. 003 47 50 55 58 55 
Multi-axial stress, notch 0-025in deep : 
Ultimate tensile strength, tons per square inch ... ... ... 33-9 42:0 50-4 eels 66°5 
Reduction of area per cent : 
At maximum load eer 17 14 11 = 9 
ait ak ada aun! ¢ ase ecg sige » ea” dua 25 17 11 _ 9 
Multi-axial stress, notch 0-125in deep : . 
Ultimate tensile strength, tons per squareinch ... ... ... 50-0 61-2 75-0 — 103-2 
Reduction of area per cent : 
At maximum load aibictone = hla ORG. ater dip abe adel 14 16 14 a 10 
At fracture ae 24 21 17 | — 10 
means it is possible to satisfactorily increase the stress concentration and _ stress gradient. 


strength of sintered parts to sinter at tempera- 
tures often lower than those that have been 
considered essential by using an activating 
atmosphere as the only deviation from standard 
sinter practice. 

If the various claims are substantiated it will 
appear that control is not the only, perhaps not 
the most important advantage of activation 
applied to sintering. If the process works satis- 
factorily on a manufacturing scale the saving in 
time, material and output, in addition to the 
advantageous properties that can be achieved, 
will go far to make the procedure obligatory. 
But in order to attain the largest benefits it will 
be necessary to undertake much more funda- 
mental investigation than has, as yet, been given 
to the procedure. It is not necessary to point 
out that in undertaking this investigation there 
will be the almost certainty of attaining most 
valuable experience as well as the possibility of 
acquiring new knowledge that can be used in the 
further exploitation of activation methods. At 
the present time the data we have offered to us 
are largely an almost accidental gathering of 
isolated experiments or suggestions that have 
hardly been tried out as completely as they 
apparently deserve. 


Low-Temperature Properties of Titanium 


THE mechanical properties of titanium and its 
alloys at low temperatures are of great importance 
in connection with the possible use of these 
materials in aircraft construction, though pub- 
lished data on the low-temperature properties 
of titanium have not, so far, been very extensive. 
The general conclusion has been that with 
decrease in temperature there is an increase in 
strength of hot-swaged titanium accompanied by 
a decrease in elongation and reduction of area. 

Tests have been made at the United States 
National Bureau of Standards on annealed 
commercially pure titanium over the tempera- 
ture range 100 deg. to —196 deg. Cent.* The 
strength and rate of work-hardening of this 
material increased as the temperature was 
lowered. The presence of multi-axial stresses 
induced by a notch increased both the strength 
and the rate of work-hardening of the titanium, 
the effect being greater with a deep than with a 
shallow notch (Table ID. Contrary to previous 
experience, however, the ductility of the titanium, 
extended under uniaxial stress, was not impaired 
by lowering the temperature to — 196 deg. Cent., 
and the true strain at maximum load was 
substantially increased as the temperature was 
lowered from —78 deg. to —196 deg. Cent. 
The general decrease in ductility with fall of 
temperature in the tensile test, previously reported 
by other investigators, was thought probably to 
be due to the higher nitrogen content of the 
titanium they tested. The ductility of the notched 





* G. W. Geil and N. L. Carwile : U.S. Nat. Bureau of Stand- 
ards, Journal of Research, February, 1955, page 91. 


Ductility, as judged by energy absorption in 
the Charpy V-notch impact test, showed a 
marked fall between 200 deg. and 26 deg. Cent., 
as indicated by the following figures :— 


Temperature, Charpy Impact Value, 
deg. Cent. ft.-Ib 
300 67 
55 
26 18 
— 196 10 


The transition temperature range of titanium 
thus varies greatly with the stress system and 
rate of deformation. It was given as follows ; 
—196 deg. Cent. for slow deformation under 
uniaxial stress, between — 196 deg. and 100 deg. 
Cent. for slow deformation under multi-axial 
stress, and between 26 deg. and 300 deg. Cent. 
for rapid deformation under the multi-axial 
stresses characteristic of the impact test on 
Charpy V-notch specimens. ' 

Further data on the low-temperature proper- 
ties of titanium and its alloys are required, but 
meanwhile the results indicate that, as always 
but especially in designs for the use of titanium 
at low temperatures, great attention should be 
paid to the elimination of sharp fillets and small 
radii at the roots of re-entrant angles and to 
provision for protecting the material against 
nicks or deep scratches during service. 


Mechanical Failures of Metals 


IT is recognised in most metallurgical research 
departments that lines of future development are 
often suggested by the “‘ post mortem ”’ examina- 
tion of failures. The United States National 
Bureau of Standards recently published a 
review, by J. A. Bennett and G. W. Quick,* of 
thirty-five examples of failures from the several 
hundred examined by the Metallurgy Division 
during the last twelve years. 

Fatigue was by far the most common cause of 
mechanical failure of metals in service. The 
primary factor responsible for the fatigue failure 
of a part was much more often its geometry than 
the material of which it was made. A large pro- 
portion of the failures could have been avoided 
by improved design to eliminate points of high 
stress concentration. Fatigue cracks originating 
at an inadequate fillet were repeatedly observed. 
Fretting between closely fitting members was a 
frequent cause of fatigue failures. Decarburisation 
of surfaces and surface defects, such as tool 
marks, are far more damaging to fatigue strength 
than to static strength. 

Brittle fractures probably ranked next to 
fatigue failures in frequency of occurrence. 
Their elimination called for the use of materials 
having a good resistance to brittle fracture over 
the range of temperature expected in service, and 
the avoidance of defects in design or fabrication 
that would serve as stress raisers. 

Corrosion was sometimes a_ contributory 
factor in fatigue and other failures. 


nm Nat, Bureau of Standards, Circular No. 550, September 
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UNDER FIRE AGAIN 


Once again the British Industries Fair is 
receiving its annual meed of criticism. There 
has been correspondence in The Times and 
much unpublished comment. Maybe the 
criticism is a little unfair. For, after all, 
the Fair only came under new management 
last year and it would be unreasonable to 
expect that very significant changes could 
yet have been made. Yet, in so far as the 
Birmingham section of the Fair is concerned 
—that section in which alone we are interested 
—we cannot feel optimistic that much can 
be done to make it more attractive to ex- 
hibitors or buyers. For its whole conception, 
as implied in its title, runs counter to 
general trends of thought and experience. 
To call it the British Industries Fair is to 
suggest that it is comprehensive, covering 
completely the activities of all British industry. 
In fact, of course, it does nothing of the sort. 
No Fair in this country could ever hope to 
live up to such a title. British industry is 
too infinitely diverse. It is not even possible 
within reason to contemplate the holding of a 
Fair that would give comprehensive coverage 
within the engineering field alone. Instead 
there is a developing trend towards the holding 
of sectional shows which specialise upon 
attracting to themselves the makers of 
particular kinds of plant, the Motor Show and 
the Commercial Motor Show, the Machine 
Tool Exhibition, the Mechanical Handling Ex- 
hibition, the “ Royal,” the Gauge and Tool 
Exhibition, the Public Works and Municipal 
Services Exhibition, the Electrical Engineers 
Exhibition and very many others. Even the 
Engineering and Marine Exhibition held bien- 
nially at Olympia is less comprehensive than it 
sounds ; for it is firms interested in marine 
applications of their products which form the 
hard core of regular exhibitors. In fact, 
to prove successful a fair or an exhibition 
must so restrict or delimit its field that it 
acquires, as the years pass and it is regularly 
held, a particular and recognisable character. 


In the engineering field that is something the 
B.I.F. never seems to have acquired. 

The firms in any one section of the British 
engineering industry have never, by common 
even if tacit consent, decided that it will be 
annually in the halls at Birmingham that 
they will show their products. Thus in 
striving to produce a comprehensive show the 
organisers of that Fair have attained only to 
a piecemeal representation of the products of 
the British engineering industry. No buyer 
going to Birmingham can ever feel sure that 
he will find there the complete range of 
products in which he is interested, by different 
makers. Moreover, it is also possible that 
too much has been made of the B.I.F. as a 
mart intended to encourage sales. At an 
engineering show—whatever may be the 
preference for other trades—it is a mistake 
to stress too much the business side. Of course 
firms take space in the hope of securing orders. 
But they have other reasons too. Putting their 
products on view is good advertisement, the 


more particularly if the quality of the goods is - 


high and design progressive; and who 
knows which of the many people who show 
interest in the products displayed may not 
become at some future time a buyer, or be 
able at some time, to bring influence to bear 
in favour of the products of a particular 
firm ? Again there is at a well-organised 
exhibition or fair a great interchange of 
information. At a time when learned 
societies are not holding meetings engineering 
exhibitions become the places where much 
technical discussion takes place and informa- 
tion is gained about improvements in designs 
and products. All these are important 
factors that need to be remembered by the 
organisers of exhibitions and fairs. But we 
doubt whether they are factors really applic- 
able to a “comprehensive” show which is 
only too likely to prove characterless and 
soulless. 

There appear to be two primary arguments 
in favour of the holding regularly of compre- 
hensive fairs. One is that if they are big 
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enough they justify the setting aside of 
special exhibition, grounds and the cop. 
struction of impressive exhibition buildings : 
the other that within a relatively small area 
of space and a short interval of time they 
allow visitors to acquire some Conception 
of a nation’s total industrial capacity. Yet it jg 
to be noticed that neither argument has much 
appeal to an oversea buyer, however much 
they may both appeal to the tourist. The 
engineering buyer is far less concerned with 
the appearance of grounds and buildings than 
that the exhibition should include an ade. 
quately representative display of the kind of 
plant or machinery in which he is interested ; 
and the fact that much else is displayed 
may be merely a nuisance in that he will 
have the more difficulty in finding the stands 
he wants to see and more trouble in securing 
hotel accommodation when so many people 
are simultaneously attracted to the neigh. 
bourhood. That neither London nor any 
other city in this country can boast of 
exhibition grounds to compare with those 
to be seen on the Continent, we hold therefore 
to be a matter of small moment. Sectional 
exhibitions are proving more than satisfac. 
tory substitutes for the more general shows. 
What is, however, a serious defect in this 
country is the lack of any hall, anywhere, 
really well adapted to show heavy engineering 
and other plant. For lighter industries— 
even though they are less impressive than 
permanent exhibition buildings abroad— 
Olympia, Earls Court and smaller buildings 
in London and elsewhere have, at least, the 
virtue of being close to the centres of their re- 
spective cities. But nowhere, neither in Lon- 
don nor elsewhere, is there a hall combining 
spaciousness, an adequately reinforced floor, 
adequate height and adequate road and rail 
access with crane capacity for really heavy 
loads and sufficient provision of services. 
The heavier products of British industry are 
never satisfactorily represented at exhibitions. 
Yet what a show this country could put on 
if only a suitable hall existed ! 


THE ROYAL NAVY’S CONTRIBUTION 
TO N.A.T.O. 

After four years of rearmament, it is of 
interest to analyse the contribution which the 
Royal Navy is now making to the maritime 
strength of the N.A.T.O. powers. In framing 
the naval building programme in 1951, the 
Government had first to provide for 
N.A.T.O.’s most urgent requirement—large 
numbers of lesser ships to deal with the 
submarine and mine menace in the Eastern 
Atlantic. No less than 250 coastal and 
inshore minesweepers, capable of dealing with 
magnetic and influence mines, have been built 
or are now being completed, at a cost of 
about £100 million, in addition to seventy 
fast frigates, either of new construction or 
converted from destroyers. No new large 
vessels have been laid down, but as a result 
of British inventive genius it has become 
possible for the Navy to “ make its contri- 
bution of heavy carriers to the allied striking 
fleet which . . . will hit the enemy in support 
of allied land forces and land-based air 
forces.”” The angled deck, the steam-operated 
catapult and the deck landing mirror—all 
British innovations—have been incorporated 
in our carriers laid down during the war and 
since completed, or nearing completion, 
which enable them to operate the latest fast, 
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heavy fighters and strike aircraft required for 
oflensive operations in enemy waters. These 
innovations have also been incorporated in 
the 60,000-ton super-carriers now being built 
for the United States—Congress is being 
asked to authorise the building of yet another 
of these huge vessels, making five in all—and 
have vastly improved their operating effi- 
ciency. 

The N.A.T.O. navies will also benefit from 
the measures which have been devised by the 
Royal Navy to deal with the effects of 
“near misses” under atomic attack. An 
automatic system has been devised for wash- 
ing down the upper works and other exposed 
parts of a ship to remove the radioactive 
“fall out” after an atomic explosion before 
itcan do serious harm, while the crew remain 
under cover and continue to con the ship 
from between decks. No less important is 
the new equipment for the remote control of 
the engine-room and boiler-room machinery, 
in the event of radioactive air being sucked 
down through the intakes. With this equip- 
ment ships will be able to steam for a limited 
period, long enough to take them out of the 
contaminated area. Unfortunately the three 
or four years’ delay in starting the develop- 
mentand manufacture of guided missiles in this 
country has prevented our forward - looking 
but secretive Navy from being the pioneer in 
modern measures for anti-aircraft defence. 
Two United States heavy cruisers are about 
to rejoin the fleet with the after part of the 
ship converted for firing ship-to-air guided 
missiles, the fore part retaining the original 
heavy guns to provide the main armament. 
A ship-to-air guided missile—the “ Terrier,” 
with a range of 10 miles—is in quantity 
production for these vessels. Britain, on the 
other hand, is awaiting the completion next 
year of the “* Girdleness,” a maintenance 
vessel now being converted, to enable a 
ship-to-air guided missile developed in this 
country to be tried out. Our new ships of 
“somewhat over 10,000 tons,” equipped to 
fire ship-to-air guided missiles, cannot thus 
be laid down, at the earliest, until next year. 

Finally, mention must be made of the 
development of the genuine submarine—a 
vessel which will habitually operate sub- 
merged instead of submerging only when 
necessary. The main consideration is to find 
the most effective propulsive machinery. In 
the United States Navy the word “ habitu- 
ally” has been stretched to mean “ per- 
manently,” for an atomic energy power plant 
has been selected and is evidently giving 
satisfaction. The first submarine to be so 
fitted—the ‘‘ Nautilus ”’—has recently been 
doing her trials and now the U.S. Navy 
Department is asking for three more sub- 
marines of a similar type, making six in all. 
The Royal Navy is proceeding on entirely 
different lines. Two submarines are being 
completed (the “‘Explorer” and “‘Excalibur’’) 
with propulsive machinery—to quote from the 
Admiralty bulletin—“‘of novel design employ- 
ing hydrogen peroxide.” From official sources 
it is known that both the “* Nautilus” and 
“Explorer ” will have a submerged speed of 
over 20 knots. But whereas the “ Nautilus ”’ is 
very large, well over 3000 tons—which makes 
her an easy target for Asdics and unhandy 
submerged—the British ‘“‘ Explorer” is a 
relatively small submarine with an extreme 
length of 225ft 6in. No doubt, it is very 
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satisfactory for a submarine to be able to 
make a passage submerged from the Channel 
to Gibraltar, or even to the Cape, at a speed 
of some 25 knots. This is not, however, 
essential—particularly for a submarine of the 
naval power which has control of the surface 
sea communications. The Admiralty natur- 
ally gives no estimate of the performance of 
the “ Explorer.” It is, however, of interest in 
this connection to note the performance 
figures, derived from reliable German sources, 
which were anticipated for the 100 “U’”- 
boats of a new type ordered in 1944 but not 
completed before the war ended. They were 
small general purpose submarines of 850 
tons and were similarly to be equipped with 
engines using hydrogen peroxide. Their 
maximum endurance and speed submerged 
were to be 158 miles at 25 knots, figures 
which, in the opinion of many submarine 
experts, fully meet the requirements of the 
genuine submarine. These may be summed 
up as the ability to proceed submerged fast 
enough and for a sufficiently long period 
to evade anti-submarine vessels, and. when 
faced with aircraft reconnaissance, to 
intercept a target located by radar 150 
miles distant and steaming a course that 
would otherwise leave the submarine unable 
to attack. 
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Irrigation and Hydraulic Design. Vol. 1: 
General Principles of Hydraulic Design. 
By SERGE LELIAVSKY. London : Chapman 
and Hall, Ltd., 37, Essex Street, W.C.2. 
Price 126s. 

LOOKING back over the past century we see 

that perhaps once in a decade there was 

published a book which marked a distinct 
step forward in the science of hydraulic 
engineering. This process appears now to 
have speeded up, for to the works of Charles 

Jaeger and of the group headed by Hunter 

Rouse has been added, within six years, a 

work by that eminent engineer, Serge Leliav- 

sky, whose papers—some of them contri- 
buted to these columns—have won him 
many admirers in this country. It is not 
suggested that all three authors cover the 
same field—Dr. Leliavsky’s title’ emphasises 
his preoccupation with irrigation engineering 

—but the scientific, mathematical approach 

to what had, until recently, been an intuitive 

art, is the common basis of these important 
works. Another common factor is the 
authors’ grasp of work done in many 
countries, amplified, in each case, by the 
authors’ own researches. A third similarity, 
at least between Leliavsky and Jaeger, which 
greatly stimulates the reader’s interest, is the 
attention given to the history of the subject 
in general, and to the growth of particular 
theories and methods. Not only does this 
historical sense appeal to antiquarians, of 
whom a surprisingly large number may be 
found among engineers, but history impresses 
upon the young student’s mind that hydrau- 
lics, in company with most other applied 
sciences, is far from completely developed, 
and requires every thinking practitioner to 
add his contribution to further development. 

Dr. Leliavsky has ambitiously planned his 
work in three volumes, of which the first, now 
available, under the title of ‘‘ General Prin- 
ciples of Hydraulic Design,” presumably is 
most closely analogous to the other treatises 
mentioned. The second and third volumes 
to be published later will, according to the 
author’s preface, contain his treatment of 
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specific design methods and theories, not only 
for irrigation work, but for the other hydraulic 
engineering works now commonly found 
associated in “ multiple purpose ’ schemes. 
The author expresses the hope that the three 
volumes will be found to be suitable as the 
true companions of the designer’s daily 
work, and again his ambition appears most 
praiseworthy : whereas in the past, the 
designer’s daily companion was found to be 
in the form of a manual, a handbook or 
tabulations, this work will always serve to 
remind the user of the scientific basis of the 
methods and data to be applied to the imme- 
diate problem. 

Volume I, here under review, is divided 
into three chapters dealing, respectively, with 
percolation (through porous media) as a 
structural design factor, tail erosion, and the 
hydraulics of canals and rivers. The first 
chapter includes a summary of the older 
theories, a treatment of pervious soils (which 
has usually to be searched for in books on 
soil mechanics), and a summary of the 
theories of potential flow and conformal 
transformation. The application of the 
Schwarz-Christoffel transformation to cer- 
tain weir designs follows under the heading 
“ Khosla’s first problem,” and Pavlovsky’s 
applications (little known in this country) of 
Riemann’s transformation theory to the 
same problem appear under the heading 
“Pavlovsky’s problem”; although the 
mathematical determination of the flow net 
under an impermeable structure built on a 
permeable foundation is naturally attractive, 
because of the reliability of the results, the 
graphical methods discussed in the author’s 
earlier paper are here reproduced together 
with experimental techniques, all of which 
possess the great merit of being more readily 
comprehended than the conformal-trans- 
formation concept. That the graphical and 
experimental methods are capable of dealing 
with complicated weir designs, to which 
rigorous theory has not yet been successfully 
applied, has been recognised, amongst others, 
by Khosla, whose useful practical methods 
are described under the heading of “‘ Khosla’s 
second problem.” Mention of flow through 
non-homogeneous media is followed by 
short notes on the “ weighted ” creep theory, 
here called “‘ E. W. Lane’s problem,” and on 
underground erosion and by a section on 
percolation through earthen banks. The 
second chapter, headed Tail Erosion, dis- 
cusses—largely empirical—methods of pro- 
tection as employed at many barrages, the 
theory of dynamic similarity and of scale 
models, model tests in connection with tail 
erosion, the standing wave (or hydraulic 
jump), erosion of solid structures, and 
erosion experiments with air and glycerine 
(erroneously grouped together as “ non- 
aqueous liquids’). The third chapter, on the 
hydraulics of canals and rivers, begins 
with a summary of the author’s largely 
historical and most interesting paper pub- 
lished in this journal in 1951, and continues 
with a full treatment of the analysis of back- 
water and draw-down with a wealth of 
theories and data published in various parts 
of the world. 

It appears likely that further editions of 
this important work will be called for, when 
certain omissions might well be rectified, e.g. 
by a thorough treatment in the first chapter 
of the powerful method of successive approxi- 
mations derived from the Southwell relaxa- 
tion and the Hardy-Cross distribution tech- 
niques ; by reference in the second chapter 
to C. M. White’s brief, but highly significant, 
publications on the mechanism of scour ; 
and by a mention, in the third chapter, of 
Jack Allen’s observations on the high values 
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of form drag (as opposed to bed friction) in 
curved channels. 

The author’s lucid style and stimulating, 
methodical approach will be much appreciated 
by his readers, as will the publishers’ ex- 
cellent production of the book. When 
dealing with a work of such importance, 
points of unimportant detail need not 
be emphasised, but it may avoid minor 
irritation if, in the second and third vol- 
umes, printer’s errors in the footnotes are 
eliminated and all folding plates are made 
sufficiently large for drawings to be easily 
readable. 





Letter to the Editor 


(We do not hold ourselves rest ible for the 
correspondents) 


GAS TURBO-DRIVEN BLOWER FOR 
BLAST FURNACE SERVICE 


Sir,—In your report of the proceedings at the 
annual general meeting of the Iron and Steel 
Institute in the issue of May 6, 1955, I feel that 
your summary of my contribution to the dis- 
cussion ended in a slightly unfortunate tone. 
The last sentence read : “* Much effort must go 
into cheapening the gas turbo-compressor set.” 
While I appreciate that lack of space must 
restrict detail, it should not be allowed to distort 
form. : 

As printed, the last sentence sounds like a 
crie de coeur, instead of the basis for a preference 
inclined towards the recuperative expansion 
cycle. This cycle gives a much wider efficient 
operating range and so allows, not only a 
standardisation of blowing sets confined to three 
sizes at most, but also a reduction in development 
costs as aerodynamic matching does not have 
to be so precise. It furthermore reduces the 
optimum pressure ratio and so the number of 
stages in the components. The selection of this 
cycle would thus contribute in marked degree to 
a reduction of capital cost. 

GEORGE C. R. MATHIESON 

Power Jets (Research and Development), Ltd., 

Farnborough, May 10th. 
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German Industries Fair, Hanover 


No. Il1I—{ Continued from page 711, May 20th) 


E continue our description of some of 
the exhibits at the recent German 
Industries Fair at Hanover. 


MIAG MUHLENBAU UND INDUSTRIE 
G.M.B.H. 


One of the largest exhibits in Hall IV on 
the stand of the Miag Muhlenbau und 
Industrie G.m.b.H., of Brunswick, was the 
end of a large compound cement mill com- 
plete with its gear drive, which we show in 
Fig. 17. The mill has a designed capacity 


Fig. 17—Gear drive for cement mill—M.ILA.G. 


of 30 tons of cement per hour, correspond- 


ingto some 300 sacks of cement. The 
diameter of the mill tube is 2-6m and its total 
length is about 15m. The large cast steel 
driving wheel has a diameter of 5m and it is 
made in halves. The manner in which it is 
attached to the mill shell is shown in 
the illustration. The inside of the shell is 
armoured with a series of hard manganese 


steel plates with a roughened surface of 


special form. The base of the mill is mag 
of high-quality “Electro Cast” steel, ag js 
also the main gear wheel. The pinion an 
pinion shaft were shown and also the flexibk 
drive between the motor and the pinion 
shaft. The total weight of the exhibit op 
view was about 38 tons, which com 
pares with a total weight of more than 2 
tons for the complete mill tube and its drive 
when fully loaded. The mill speed is abou 
18 r.p.m. and it is driven through reduction 
gearing by a motor running at 970 rpm, 
The geared drive to the mill is designed for 
an output of 1100kW. The base of the mill 
is carried in a supporting bearing, which has 
adjustable bearing shells and the bearing is 
water cooled in accordance with the usual 
practice. The cement side of the business 
of Miag Muhlenbau und Industrie G.m.b.H. 
is represented in Great Britain by the firm of 
Cecil Bentham, Ltd., of Heaton Moor, 
Stockport. 


DEMAG AKTIENGESELLSCHAFT 


The stand of the Demag Aktien. 
gesellschaft, of Duisburg, was dominated by 
the wooden foundry pattern of what is 
claimed to be the world’s largest single-piece 
rolling mill housing. It has a total height 
of 12m and weighs over 245 tons. This 
housing is now being machined in the com- 
pany’s works, and it forms part of a 
modern four-high plate rolling mill now 
in course of construction. Another interest- 
ing exhibit was the blast-furnace charg- 
ing car which is shown in Fig. 18. It 
has a length of 8-6m and weighs 23 tons. It 
is electrically operated and the control tower 
at the end carries the brush gear for the con- 
tact rails. The essential equipment com- 
prises two large containers for the charge, 
which can be filled, weighed and tipped, into 
the furnace, a weight record of the charge 
being automatically formed. The hydraulic 
tipping gear is housed beneath the frame, and 
the wheels are mounted in S.K.F. bearings. 
Thecrane manufacturing side of the company’s 
works was represented by a model of the 
‘**H.B.” dockside crane, while the Demag Zug 
G.m.b.H. of Wetter showed two new mobile 
cranes with 2-5 and 7 tons carrying capacity. 


. 18—Blast furnace charging car—Demag | 
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Diesel engine generating sets were exhibited 
by the associated companies, Messrs. Modag 
and Kamper, with generating outputs of 
from 80 to 320 h.p. 


HEINRICHSGLUCK 


On the stand of Heinrichsgliick, of 21B, 
Salchendorf, Unterwilden Siegen, there 
was demonstrated a particularly simple 
electrically operated, universal welding 
table which will be seen in Fig. 19. 
The foundation is built up on standard 
girder sections and plates, and it carries 
the casing in which and on to which 
the various table drives are mounted. 
At the back of the casing are the electrical 
instruments and at the side a dial which 
records the exact angle to which the table 
has been tipped. The table can be rotated 
and also tipped through 135 deg. by means 
of the toothed segments, one on each side 
of the table. Ward-Leonard electrical 
controls are provided with press-button and 
distant controls. The general character of 
the range of work which can be done on such 
a table is clearly indicated by the many 
welded seams on the base of a cement mill 
which was shown on the table. These 
machines are made in seven different patterns 
with designed loads from 750kg up to 
10,000 kg. 


SPILLINGWERK 


During the past year the Spillingwerk, of 
Hamburg II, Werftstrasse, 5, has carried out 
some interesting extensions to its steam 
motors, which have been installed in various 
large and small factories. This year the firm’s 
exhibit was specially designed to illustrate 
the method by which power increases can 
be attained by adding one or more cylinders 
to the existing unit. The method of manufac- 
ture enables each cylinder unit to be finished 
complete with its piston and valve gear and 
crankshaft and camshaft. 

The cylinder head, too, is manufactured 
complete with its valve gear and the exhaust 
connection. 

One of the engines shown (see Fig. 20) was 


19—Universal welding table—Heinrichsgluck 
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a three-cylinder, type 12 model, having a 
designed output of 165 h.p. per cylinder when 
running at 1000 r.p.m. with a stroke of 
126mm. The doors of the last cylinder block 
had been removed to show the construction 
of the piston bearings and valve gear. The 
total power of the engine is 360 to 495 h.p. 
Alongside the three-cylinder unit will be seen 
a new cylinder block and cylinder head 
ready to be coupled up to make a four- 
cylinder unit having a designed output of 
from 480 to 660 h.p. when running at 1000 
r.p.m. All that needs to be done is to mount 
the new block on a like section of foundation 
and couple up. It is generally necessary in 
such extensions to change the crankshaft, 
but the camshaft can usually be extended to 
the desired length. The firm also displayed 
its other two standard sizes of steam motor, 
which were represented by a four-cylinder, 
type 14 unit, designed to develop 400 to 
520 h.p. at 750 r.p.m., with a stroke of 


Fig. 20—Three-cylinder, 495 h.p., steam motor—Spillingwerk 


140mm, and a five-cylinder, type 7 unit, with 
an output of 125 to 175 h.p. when running 
at 1500 r.p.m. with a stroke of 70mm. This 
unit was shown mounted on a spring founda- 
tion for quiet running. 


MASCHINENFABRIK AUGSBURG-NURNBERG 
A.G. 


In Hall No. 3, which was set apart for 
steam power engineering exhibits, the 
Maschinenfabrik Augsburg-Niirnberg A.G. 
had an information stand. On it there was 
to be seen the large-scale model (Fig. 21) of 
a modern steam power station. The turbine 
plant comprises a three-stage design of con- 
densing steam turbine, taking steam from a 
high-pressure radial-flow Ljungstrom-M.A.N. 
turbine having a designed intake of some 500 
tons of steam per hour. The Ljungstrom 
turbine is of particular interest as it is one 
of the largest of its kind yet built, and a 
special model of this machine was also to be 


Fig. 21—Model of modern power station—M.A.N. 
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seen on the stand. The boiler plant includes 
two high-duty boilers, which have been 
specially designed to burn raw brown coal, 
having a low calorific value, and a high 
moisture content. The model showed the 
range of the plant manufactured in the 
various works of the M.A.N. Company. 
The Nirnberg works supplied an air-condi- 
tioning plant for the stand, conference and 
waiting rooms. Some of its more recent 
applications of the air-conditioning principle 
have included, we noted, plants for crane 
drivers’ cabins in foundries, rolling mills 
and steel works, where it is often necessary 
to protect the crane driver from heat and 
noxious fumes. Similar plants have also 
been supplied for locomotives operating in 
foundries and steel works. The Maschinen- 
fabrik Augsbiirg-Niirnberg A.G. is repre- 
sented in Great Britain, the British Colonies, 
Australia and New Zealand by W. Wykeham 
and Co., Ltd., of 17, Cockspur Street, 
London, S.W.1. 


GUTEHOFFNUNGSHUTTE STERKRADE 
AKTIENGESELLSCHAFT 


An exhibit on the stand of the Gutehoff- 
nungshiitte Sterkrade Aktiengesellschaft, of 
Sterkrade Works, Oberhausen, was the 
rotor of a large steam turbine-driven axial- 
flow blower for blast-furnace work, a picture 
of which we reproduce in Fig. 22. It has 
thirteen stages, and is designed for a flow 
rate 17,000 up to 210,000 cubic metres per 
hour, with pressure rises from 1-76 up to 
2-46 atmospheres. It runs at a speed of 
3000 r.p.m. and the Gutehoffnungshiitte 
steam turbine which drives it has a designed 
output equal to 10,000kW. It was pointed 
out that for blast-furnace work and similar 
duties the axial-flow design has a consider- 
ably higher efficiency for small pressure rises 
than is possible with a radial-flow design, 
and it can, moreover, be built in sizes up to 
the largest capacities. High efficiencies are 
ensured by the adoption of specially shaped 
blading and the use of large flow passages. 
An axial-flow blower of the kind illustrated 
has now, we learn, been in operation for 
over a year in a steel and iron works in 
Western Germany. 

Other exhibits on the Gutehoffnungshiitte 
stand included a series of examples of the 
““GHH-SRM ” screw compressors, which 
are built under licence from the Svenska 
Rotor Maskiner A/B. After considerable 
development work a semi-circular form of 
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Fig. 23—Machinery arrangement of ‘‘ B-405 ’’ excavator—Demag Baggerfabrik 


tooth for the inter-meshing rotors has been 
adopted. With this design, the fluids handled 
by the compressor remain entirely free from 
lubricating oil, and can be safely used- in 
chemical and food-processing operations. 
The range of compressors now built to this 
design includes outputs from 200 up to 
15,000 cubic metres per hour, with a stage 
compression of | :4and 1 : 10 when working 
under vacuum. For pressure ranges of from 
10 to 7 atmospheres a two-stage design is 
generally adopted. 
developed this machine as a compressed 
air motor and it is employed for driving 
pumps and similar machinery in mining work. 


‘The firm has 


DEMAG BAGGERFABRIK G.M.B.H. 


The Demag Baggerfabrik G.m.b.H. of 
exhibited many of 
its excavators and cranes, some on the 
Demag main stand and others on its own 
stand in the open-air exhibition space. 
have chosen for short description a new 


Diisseldorf - Benrath, 


bucket capacity of 0-5 cubic metre. 


Fig. 22—Thirteen stage rotor of an axial-flow steam turbine-driven blower—Gutehoffnungshutte Sterkrade 
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general, the new model is a smaller design 
of the ‘ B.408,” with a 0-8 cubic metre 
capacity, which was shown last year. The 
model, however, incorporates several new 
features in its design and construction. The 
driver’s cabin, placed to the right on the 
forward part of the platform, gives an excel- 
lent view of the working field, and it is heated 
and well lit. A feature of the drive, which is 
pneumatic-hydraulic, is the small size of the 
operating levers. Both the upper and the 
lower platforms (see Fig. 23) are of celullar 
welded construction, and are annealed to 
give strength and stiffness. The upper plat- 
form is set well back, so that the engine and 
machinery form, to a large extent, the 
counterweight, and only a very small extra 
cast iron weight is needed. The reduced 
weight gives a ground pressure of 0-5kg to 
0-6 kg per square centimetre. A double-ring 
roller bearing is fitted between the upper and 
lower platforms, which takes all the radial 
forces. Other new items include a double- 
plate coupling for the excavator motions, 
pneumatically operated, and a band brake 
which gives equal braking action in both 
directions when slewing the excavator. This 
excavator is also built with an under 
wagon for road service, on which all wheels 
are driven and are pneumatically braked and 
steered. It is designed to travel on straight 
roads at a speed of 18km per hour. The 
engine is a four-cylinder Deutz four-stroke 
engine, with a normal output of 60 h.p. and a 
maximum output of 66 h.p. at 1800 r.p.m. 
The cylinders have a diameter of 110mm and 
a stroke of 140mm, with a fuel consumption 
of 185 grammes per horsepower-hour. In 
order to give easy access to all working parts, 
the sides and roof of the machinery com- 
partment are made so that they can be 
folded back. 


( To be continued ) 





PHOSPHATING PROcEssES.—A range of compounds for 
phosphating ferrous metals is being put on the market by 
the Jenolizing Company, Ltd., 13-17, Rathbone Street, 
London, W.1. These compounds are applied by spraying 
or immersion, and give either fine textures (accelerated 


solutions) or coarse coatings (unaccelerated solutions). 


The company manufactures zinc, a and iron 
phosphating solutions. A process suitable for aluminium 
is also available, giving coatings which are unaffected 
by bending or rolling, and, in addition to bonding paints 
and lacquers, are suitable for dye finishes in a variety 0 
colours. 
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Railway Traction 
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by Single-Phase 


Current at Industrial Frequency 


No. 
Last week, on page 689, we referred briefly 


I 
to a convention on railway electrification 


at 50 c/s, single-phase, which was held by the S.N.C.F. at Lille, from May 11th to 
14th. Recent progress in this system of electrification, as revealed at this conven- 
tion, with particular reference to the Valenciennes-Thionville line, is described 


more fully here. 


The first article, below 


, is concerned with questions of power 


supply and the fixed installations. 


LECTRIFICATION of the 225 route 

miles on the Valenciennes-Thionville 
line at 25 c/s, single phase, required no major 
reinforcement of the power supply system. 
The only extension to the E.D.F. (Electricité 
de France) system that was needed to feed 
the six substations—Valenciennes, Fourmies, 
Mohon, Chauvency, Herserange and Thion- 
vile (Fig. 1)—was a total of 7 miles of 
60kV feeder. By comparison, d.c. electri- 
fcation at 1500V would have required 
twenty-three substations and about 211 miles 
of hv. feeder. Furthermore, the 25kV 
catenary system has a cross-sectional area of 
0-233 square inch, whereas the 1500V d.c. 
wires would have required a cross-section of 
0-744 square inch. The fixed equipment 
needed for 50 c/s working is expected to cost 
only 40 per cent of that for d.c. working.* 


POWER SUPPLIES 


In general the supplies to the substation 
are taken from interconnection points on the 
grid network so that the load is divided 


growth in power supply and demand will be 
sufficient to meet the comparatively modest 
demands of electric traction. 


SUBSTATIONS 


Taking the 50 c/s electrification of the 
S.N.C.F. North Eastern lines as a whole, the 
spacing of the substations has been decided 
as follows. On the lines carrying the heaviest 
traffic, with locomotives powered by single- 
phase motors or converter fed d.c. motors 
and hauling trains of 700 metric tons at 85 
m.p.h. (which may, with automatic block 
signalling, become bunched), the substations 
have been spaced at intervals of about 28 
to 32 miles. 

On less heavily loaded lines, such as Metz- 
Strasbourg-Bale, where freight trains are 
likely to be hauled by By-By locomotives 
(without rotary converter sets), a sub- 
station spacing of 32 to 38 miles may be 
accepted. Between Valenciennes and Thion- 
ville, where synchronous rotary converter 
locomotives are in operation, spacings up to 
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Fig. 


magnitude of each single-phase tapping is, 
therefore, limited by the resulting out-of- 
balance voltage on the three-phase supply 
system. To estimate the effect of the single- 
phase tapping points a preliminary survey 
was made of the E.D.F. system, showing the 
zones within which a SMVA tapping could 
be made without causing the coefficient of 
asymmetry to exceed 5 per cent.? From this 
survey it was apparent that the bulk of the 
electrification would involve the addition of 
only a few miles of h.v. overhead lines. 
Operating results indicate that the traction 
load does not interfere with the rest of the 
public supply power networks. For example, 
the coefficient of asymmetry on the 60kV 
busbars feeding the Fourmies substation 
does not exceed 5 per cent when the single- 
Phase load is about IOMVA. The Valen- 
ciennes-Thionville line is, of course, favour- 
ably situated with regard to power supplies 
and it is felt that,: by the time 50 c/s railway 
¢lectrification is further extended, the natural 
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1—Substations between Valenciennes and Thionville 


and Bale the average spacing as dictated by 
7 layout of the E.D.F. network is about 38 
miles. 

Ideally, the substations should be sited in 
or adjoining the national grid substations and 
such an arrangement is found in four of the 
seven substations serving the Valenciennes- 
Thionville line. At Valenciennes the sub- 
station is at the end of the line and is equipped 
with two single-phase transformers. Space 
was available to allow these S.N.C.F. trans- 
formers to be installed near the 45kV station 
busbars. Because these busbars are screened 
cables are used to connect the h.v. switches 
with the transformers. At Herserange, which 
is another terminal substation, cables are 
used for the 25kV connections because of the 
intervening generating station which pro- 
hibited the use of overhead lines. 

At Fourmies and Joudreville the $.N.C.F. 
substations are situated lkm and 0-8km, 
respectively, from the nearest E.D.F. grid 
substations and in these cases the supply is 
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brought in by two 63kV overhead lines 
protected by circuit breakers in the E.D.F. 
substation. At Chauvency the S.N.C.F. 
substation is 6-5km from the nearest E.D.F. 
substation (Stenay) and the two 63kV over- 
head line feeders are protected by circuit 
breakers at each end. 

To reduce the unbalance effect associated 
with the single-phase loading, Scott-con- 
nected transformers are installed at some of 
the intermediate substations (such as Mohon) 


| | 


{ a { 
_J 
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im 


Fig. 2—Schematic single line diagram of a typical 
50 c/s substation 











on the Valenciennes-Thionville line. A 
schematic single-line diagram for a typical 
substation with Scott transformers is shown 
in Fig. 2. Each of the two feeders at the top 
of the diagram is connected through isolators 
and circuit breaker to one of the Scott 
transformers. The central transformer in the 
diagram is a single-phase transformer which 
serves as a Standby. In such cases, where a 
standby is provided, it takes the form of a 
“horizontal”? element and not a second 
complete Scott transformer. In case of 
failure of the horizontal unit of the Scott 
group, the substation switchgear permits of 
the rapid substitution of the standby unit. 
Should a failure occur on the vertical winding, 
this is cut out and the corresponding section 
is then fed by the standby horizontal unit 
connected across the three-phase supply in 
open delta, with the horizontal unit still in 
service. In fact, all the transformers are 
identical and can be converted to horizontal 
or vertical elements by opening their tanks 
and altering the internal connections. 

For certain substations which are to be 
constructed in succeeding stages, transformers 
have been ordered on which this operation 
can be performed by a simple alteration of 
the external connections. In certain special 
cases there would be nothing to prevent these 
operations from being carried out very 
quickly, by means of a special switch. Finally, 
there is the possibility of using a “‘ vertically ”’ 
connected element as an isolated single-phase 
unit by merely making adjustments on the 
tappings used for voltage regulation. 

In the further evolution of the 50 c/s 
system the disappearance of the traction 
“substation”? as a. separate entity, is 
envisaged. When the construction or enlarge- 
ment of a h.v. post coincides with electrifica- 
tion of the railway, it will be possible for the 
transformers to incorporate a secondary 
winding for three-phase distribution and a 
tertiary for traction purposes. Following 
the same trend, if there are busbars in the 
h.v. post with 45kV between phases, the 
traction supply can be given at 25kV between 
phase and neutral. Tests to examine these 
possibilities are expected to begin shortly.® 

The catenaries, which are shown 
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diagrammatically at the bottom of Fig. 2, are 
protected by a single 25kV circuit breaker 
per double track outgoing feeder. If a fault 
should occur on one of the tracks the whole 
phase is tripped out; isolation of the 
defective section is then effected by remote 
operation of the on-load switches used for 
track sectioning and paralleling. In each 
substation these switches are connected in 
the outgoing feeder to each track, on the 
track side of the circuit breaker for that 
phase, and are mounted on the outgoing 
feeder truss. 

Between the substations the catenaries 
are divided by sectioning or paralleling posts, 
of which there are six between Valenciennes 
and Thionville (Fig. 1). At these posts the 
substations can be connected to the catenaries 
independently or in parallel ; the catenaries 
on the up and down tracks can be connected 
in parallel or independently on the two sides 
of the S.P. Further subdivision for main- 
tenance and other reasons is obtained by the 
provision of ten sub-sectioning and paralleling 
posts and twelve sub-sectioning posts. 

In this way the catenaries are divided into 
sectors, which are separated by gap sections. 
Each sector is fed by a transformer and 
protected by a 25kV circuit breaker, from 
which the catenaries on the up and down 
tracks are separately supplied through an 
on-load switch and isolating switches. The 
on-load switch and two isolating switches 
in the feed to each of the four track sections 
are shown diagrammatically near the bottom 
of Fig. 2. 

The circuit breakers and on-load switches 
are similar equipments designed to interrupt 
maximum short circuit currents of 4000A 
at 27-5kV—the circuit breaker being a high- 
speed equipment designed to clear a fault 
within 0-1 sec of operation of the release 
coil. The isolating switches consist of a 
centrally pivoted arm with a blade contact 
at each end, engaging with the jaws of the 
fixed contacts, the carrying capacity being 
600A. 

Operation of the 25kV circuit breakers 
is controlled by relays which are designed to 
be insensitive to the peak power required 
by the trains while affording protection 
against overloads and short circuit faults. 
The most arduous conditions arise in the 
74km Fourmies Mohon section, in which 
the loads on Fourmies and Mohon may 
reach 14-7MVA and 12-3MVA, respectively. 
Accordingly, these relays are designed to pass 
14-7MVA at a power factor of 0-8, but to 
clear a short circuit at a distance of 74km 
in the extreme case when a single track is 
being fed ; continuity is maintained by the 
centrally placed S.P. post. Compatibility 
between these two conditions is obtained by 
the use of a specially designed admittance or 
* mho ” relay. To overcome the disadvan- 
tage of the admittance relay (that its operation 
is uncertain with nearby short circuits), it is 
used in association with another power relay 
which deals with this particular condition. 

To give protection against atmospheric 
over-voltages lighting arresters, consisting 
of spark gaps in series with layers of silicon 
carbide, are installed. They are designed to 
dissipate 5000A, based on a maximum voltage 
of 40kV, the effective arcing voltage at 50 c/s 
being 65kV to 70kV. 

Control of the substations and the 28 
intermediate posts is exercised from a con- 
trol centre at Charleville. This centre is 
equipped with a mimic panel containing 
a single-line diagram of the system in which 
all the components including feeders, trans- 
formers, circuit breakers, on-load switches, 
and isolating switches are individually symbo- 
lised. Telecontrol of all the posts is effected 
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from the Charleville centre using one quad 
in a telephone cable installed along the line. 

Each piece of equipment to be controlled 
is represented on the mimic panel by an 
illuminating push button, which is turned 
to prepare a control order and pushed to 
execute that order. Selection of the correct 
post is achieved by allocating one of eighteen 
separate frequencies to each post. Operation 
of the desired push button then causes a 
specific signal code (based on ten intervals 
either of transmission of the carrier or of 
silence) to be transmitted, to which the 
selected apparatus only, responds. Finally, 
the centre receives confirmation from the 
selected post that the order has been executed. 

CATENARIES 

The method of carrying the catenary on 
independent supports is illustrated in Fig. 3. 
It will be seen that the suspension cable is 
carried by a hanger and a stay which form 
two sides of a triangle and which are insulated 





Catenary : bronze, 65 mm* section. 
Contact wire : grooved copper, 107 mm’ section. 


Fig. 3—Typical overhead contact wire installation 
between Valenciennes and Thionville 


from the pole. Solid core post insulators 
are used. Because the insulators are not 
directly above the centre of the track they 
are less liable to surface contamination. 
To satisfy present conditions the electrical 
and mechanical specifications are more 
rigorous than they would need to be in the 
future when the proportion of steam loco- 
motives on the electrified North East division 
will be smaller than it is to-day. To facilitate 
the adjustment of the tension simultaneously 
on the suspension cable and the contact 
wire the insulated hangar is pivoted at the 
pole, and the tensioning equipment acts 
on both wires. The counter balances are 
designed to be as light as possible. The 
nominal height of the contact wire above 
the rails is 5-75m, and the normal variation 
on a single span over straight track is +20cm. 
A trial has also been made with a variation 
of +15cm distributed over two spans. 

In stations and yards where independent 
poles are impracticable and supporting 
structures must span several tracks, two forms 
of structure are in use. Flexible cross 
members are used when the running speed 
is not much above 100km per hour ; ad- 
justments to mechanical tension are made 
only to the contact wire. For higher running 
speeds rigid cross members are installed 
and the tension adjustments are made to 
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both wires, as in the case of independen, 
poles. 

The advantages of arranging the insulato,, 
to one side of the track are retained in 
tunnels. Here the insulators are carried 9, 
a structure mounted on the roof of the tunne 
midway between the tracks. Addition, 
insulation is provided by interposing a pip 
insulator between the post insulators and the 
hanger and the stay. 

As a result of extended experiments,' thy 
loading gauge clearances under structury 
have been determined as follows; {fy 
ordinary loads a clearance of 29cm fo 
normally laid track and 27cm for temporarily 
raised track ; for fixed load a clearance of 
24cm for normally laid track and 22cm fo; 
temporarily raised track. These figures ar 
valid for catenaries which are not subject 
to marked vertical oscillations under the 
action of the pantograph. 

The poles used to support the catenary 
(Fig. 3), consist of galvanised steel broad 
flanged H sections. Progress in methods 
used for the pole foundations are reflected 
in the fact that the depth of the foundation 
holes (which are mechanically drilled) has 
been reduced from 2-6m in 1948 to 1-8m in 
1954. The earth wire is clipped to each pok 
at a point about 7m above ground level. A 
bonded cable connects the foot of each 
pole with the nearer rail. 
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Technical Reports 


Laminated Beams from Two Species of Timber 
Forest Products Research Special Report No. 10. 
H.M.S.O. for D.S.L.R. Price 1s. 6d.—Laminated 
timber construction enables large members to b 
made from relatively small stock, permits a uniformly 
dry condition to be obtained through large sections 
and makes possible the tapering of structural members 
to conform to the pattern of loads likely to be encour- 
tered in service. By gluing comparatively thin 
laminations of a dense strong species of wood to a 
core of a less dense weaker species the advantages 
of laminated construction can be further improved. 
This type of mixed species construction can result 
in a reduction in the cost of the materials or an 
improvement in the specific strength of a member. 

The design of laminated beams of mixed species, 
however, is complex and adequate methods have 
not yet been developed. This report describes an 
investigation in which a theoretical analysis of the 
stresses in two-species beams is made. It is shown 
theoretically that for a given quantity of material 
maximum strength is obtained when the thickness 
of the dense material on the compression surface ofa 
beam is greater than on the tension surface. Equi 
tions are given for calculating the strength properties 
of any form of construction from the basic properties 
of the timber species used. These equations wer 
checked against the results of tests on actual sections 
and were found to be reasonably accurate. Methods 
are also given from which the required quanti of 
each species can be ascertained so that the res 
beam will be the lightest possible or the cheapest 
in cost of materials. The investigation has shown that 
two-species beams have definite advantages in 
to strength characteristics and that this form of oot 
struction provides one method of reducing the cost. 


The Strength of Timber Struts. Forest Products 
Research Special Report No. 9. H.M.S.O. Price 
1s. 6d.—This publication gives details of the resulls 
of tests made on timber struts of the type used 
light constructional work. The struts covered @ 
wide range of size and quality, of Douglas fir, Sitkt 
spruce, Scots pine and Baltic redwood. : 

Various theoretical formula and the assumption 
on which they are based are stated in the report 3 
their application to timber is discussed in relation 
to the test results. The report also deals with the ust 
of statistics in the estimation of working stresses 
with the use of readings of lateral deflection 
estimating the crippling load of timber struts. 
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May 27, 1995 


HIS week the British Non-Ferrous Metals 

Research Association has held “‘ Open Days ” 
on Tuesday and Wednesday ; and last Monday, 
HR.H. The Duke of Edinburgh honoured the 
association by a private visit to mark the occa- 
sion of the attainment of its 25th anniversary. 
The British Non-Ferrous Metals Research 
Association was established in 1930, and now 
has about 600 member firms drawn from 
companies in the United Kingdom and the 
Commonwealth. Something approaching 20 

r cent of the members are engineering, not 
metallurgical, firms who are users of non-ferrous 


metals. 

The work of the Association is now so well 
known that we have no intention here of referring 
in detail to the different laboratories and the 
equipment they contain. In our visit this week, 
however, We Saw work in progress upon a number 
of researches whose results are likely to influence 
engineering advancement in the future. Some 
short notes about them follow. 


ALUMINIUM ALLOY EXTRUSIONS 


Complex sections in aluminium alloy are 
nowadays being manufactured as extrusions. 
But whereas in steel there is not any large 
difference in ductility across the grain relative 
to a line along the grain, in aluminium it is 
quite marked, and particularly marked in the 
more complex and strongest alloys. The reasons 
for this low transverse ductility in aluminium 
alloys are being investigated in the hope that 
improvements can be brought about. 


NICKEL PLATING 


There have been many complaints since the 
war by car users of the allegedly lower quality 
of chromium plating as compared with pre-war 
productions. Of course the chromium plating 
is in fact only a very thin flash of chromium on 
the top of an underlying deposit of nickel 
and it is the nickel that provides the protection 
to the steel body of the part. It is therefore in 
the nickel plating that the origin of defects has 
to be sought. 

Electroplaters have had a difficult time in 
recent years. Not only have there been restric- 
tions on the use of nickel—even now supplies 
are short—but labour, particularly for polishing, 
has been difficult to get. Partly through this, 
and also to keep pace with modern trends, there 
has been a general turnover to the use of nickel 
plating solutions containing complex organic 
agents which produce deposits inherently smooth 
and bright. With older processes it was necessary 
to buff the nickel plate before applying the 
chromium. Inevitably poor performance in 
service has been blamed on these modern 
solutions. Two electroplating lines have been 
set up in these laboratories, each using one of 


Fig. 1—Battery of creep testing machines for 
determining the properties of titanium alloys 
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the two popular modern solutions, and these 
are being run as production plants plating 
bumper bar over-riders. The study of the service 
behaviour of the plating has not yet been com- 
pleted, but already it has been shown quite 
clearly that when properly handled, and if 
adequate control is maintained, it is possible 
to keep these plating solutions working for many 
weeks producing deposits of good appearance 
and free from cracks. Cracking has been one 
of the main defects noted on many samples of 
commercial nickel plate examined. As a result 





Fig. 2—Short-time fatigue testing machines. The 
chain drive operating through a worm gear progres- 
sively increases the load on the specimen 


of this work it will be possible to make recom- 
mendations to the plating trade for better 
control of these complicated plating solutions. 

A problem that has always confronted both 
the electroplater and the motor-car industry is 
the inspection of plated parts. Service per- 
formance depends so much on applying the right 
thickness of nickel, but there has been no method 
of checking the thickness which has not involved 
destroying the coating. A simple instrument 
just developed in the laboratories solves this 
problem and will enable every part to be tested 
individually if need be. 


TITANIUM 


Much research is being conducted into the 
properties of titanium alloys, and Fig. 1 shows a 
battery of creep testing machines at the Associa- 
tion’s laboratories. In particular, titanium 
alloys suitable for parts of gas turbine compres- 
sors are being investigated. A furnace has 
been built in the laboratory for the production 
of small ingots. Small buttons of titanium 
about lin in diameter are melted (melting point 
over 1600 deg Cent.) by a tungsten arc under 
an atmosphere of argon gas. The molten 
metal falls from the arc on to a cold slab of copper 
and thus by the successive melting of buttons 
an ingot is built up which can subsequently 
be fabricated by rolling or forging. 


ROLLING STRIP FROM METAL POWDERS 


With an eye to the future the Association 
is looking into a process for rolling strip and wire 
direct from metal powders. This is a form of 
powder metallurgy which has not so far received 
much attention. The metal powder is simply 
poured into the gap between a pair of rotating 
rolls and compacted into a strip strong enough 
to be handled. After heating and more rolling 
the strength of the strip is similar to that obtained 
from metal rolled from a cast ingot. Production 
of strip and wire from powder is not new. It was 
used many years ago when platignum was first 
made and is still the method for making tungsten 
lamp filaments, but it is usual to press the powder 
first into a briquette or rod which is strengthened 
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by heating to bond the powder together and is 
then worked down to wire or strip. This process 
of rolling the powde: direct into strip is much 
simpler. It may become an important com- 
mercial process if in the future cheap supplies 
of copper and nickel powders become available 
through the development of new chemical 
methods of extraction. 


OTHER RESEARCHES 


Amongs: other researches we noted in progress 
was one on shell moulding techniques. A small 
hand-operated shell moulding machine has been 
built and is in operation in the Association’s 
foundry. The relative strengths of different 
resin-sand mixes, sand reclamation, the running 
and gating of castings, dimensional accuracy 
and the avoidance of distortion of shells during 
casting are some of the matters being investigated. 
The fatigue properties of materials as in all 
mechanical testing laboratories are perennially 
under investigation. At the Association’s 
laboratories the short time testing machines, 
illustrated in Fig. 2, have recently been installed. 
As the test progresses the load on the test piece 
is progressively increased with the result that 
an assessment of the endurance limit of a material 
can be made within a matter of 24 hours instead 
of possibly weeks or months, as with more 
straightforward machines. Good correlaion with 
the results of long-term steady load tests has 
been found. 





Royal Air Force Technical College 


WE paid a visit recently to the Royal Air 
Force Technical College at Henlow. It was 
founded in 1949 to provide the much-needed 
officer personnel capable of supervising the 
complex equipment now being used in the Royal 
Air Force. This year the first entry of Henlow 
cadets will graduate from the college as pilot 
officers in the technical branch, while the first 
entry to proceed from the college to Cambridge 
University under the university cadet scheme 
and reading for the Mechanical Tripos, will 
graduate next year. 

The college is commanded by an Air Com- 
modore of the technical branch and is organised 
under different wings dealing with basic studies, 
aeronautical engineering, armament engineering 
and electrical engineering. Each wing of the 
college has its own lecture rooms, laboratories 
and workshops. The college is particularly 
well endowed with modern machine tools and 
other metal working and welding equipment, 
and it possesses most up-to-date laboratory 
apparatus. It has an engine test house with 
a number of engines specially designed for 
experimental observations, including a Ricardo 
variable - compression petrol engine. The 
college possesses an unusually large collec- 
tion of historical and modern gas turbines, 
which includes an early Whittle engine and a 
German axial-flow engine, as was fitted to the 
“ ME262.” The aerodynamic equipment 
installed at the college includes a smoke tunnel 
and a very small compressed air supersonic 
wind tunnel which, together with the optical 
flow visualisation equipment, was made by the 
college staff. There is also a transparent water 
tank in which supersonic air flow phenomena 
can be partially simulated for demonstration 
purposes. 

The duties for which technical officers are 
trained include the servicing and repair of R.A.F. 
aircraft and equipment, technical staff duties 
in all R.A.F. formations, and certain aspects of 
research and development in Ministry of Supply 
establishments. One of the most important 
training tasks undertaken by the college to meet 
these requirements is the training of technical 
cadets ; but the needs of other entrants to the 
technical branch, such as officers transferred from 
other branches of the Service, direct entrants 
from the universities, airmen appointed to 
commissions from the ranks, short service com- 
mission officers and National Service commission 
officers, are catered for by a wide range of courses 
varying in length from two and a half years to 
three months. 

The technical cadet scheme provides for entry 
to the college in October of each year of young 
men of adequate education and suitable officer 
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qualities for basic professional training in either 
mechanical or electrical engineering. Most of 
the cadets are direct entrants from civilian 
schools, the remainder being suitably qualified 
personnel already serving in the R.A.F., including 
aircraft apprentices and National Service airmen. 

There are two kinds of technical cadets, 
university cadets and Henlow cadets. Technical 
cadets (university), of which twenty-five are 
required yearly, spend twelve months at the 
technical college during which time they study 
for and take the qualifying examination for the 
Mechanical Sciences Tripos of the University 
of Cambridge ; they are trained also in general 
service subjects. They then proceed as com- 
missioned officers to university, the majority 
going to Cambridge to read for the Mechanical 
Sciences Tripos. Whilst at the university they 
are required to be members of their University 
Air Squadron, if medically fit. After graduation 
they return to the R.A.F. Technical College for a 
short course designed to fit them for immediate 
service as technical officers. 

The technical cadets (Henlow), of which twenty 
are required per year, complete a three-year 
course at the technical college in either mechanical 
or electrical engineering. The first year of the 
course is devoted largely to academic studies, 
including mathematics, mechanics, physics 
nuclear physics, basic chemistry, electricity and 
magnetism, engineering drawing, English and 
general studies. Provision is made for a number 
of suitable technical cadets (Henlow) to transfer 
to university cadetships at the end of this period. 
The second and third years of the Henlow cadet 
course cover professional engineering training. 
The subjects include aerodynamics, thermo- 
dynamics, strength and properties of materials, 
electro-technology, electronics and workshop 
technology. Technical cadets (Henlow) success- 
fully completing the three-year course are com- 
missioned and may be awarded a Higher National 
Diploma in Mechanical or Electrical Engineering. 





Iron and Steel Research* 


THE demand for research work continues at a 
high level, but with an income only slightly more 
than that of the previous year it has been neces- 
sary to make a careful selection of research 
projects to ensure that those that are needed 
most and at the same time show high promise of 
success have a place in the programme. During 
the formative years of the Association income 
and research facilities steadily expanded. Now 
they are relatively constant, but there are signs 
of some further contributions from sponsored 
research and this comes particularly from 
associate members whose interests are in the 
supply of materials or equipment required by 
the steel industry. The Council is of the opinion 
that there is now a place for a limited amount of 
sponsored research alongside co-operative re- 
search, provided that the Association has the 
requisite background knowledge and experience 
and the specialised equipment with which to 
undertake the investigations. 

Several manufacturers of steel works plant 
and equipment are already associate members. 
These firms are specially interested in the Plant 
Engineering Division’s research on plant design 
and layout, steel works cranes, reheating fur- 
naces, and handling equipment. This research 
will be of increasing benefit to the steel industry, 
besides aiding the plant makers in meeting foreign 
competition. A special arrangement has been 
negotiated with the Society of Furnace Builders 
permitting all members of the Society to become 
Associate Members of B.I.S.R.A. It is hoped 
that similar negotiations through other Trade 
Associations may result in further support from 
makers and suppliers of plant. As a further 
link with the plant manufacturers, and to 
assist in assessing the importance of a project 
and its application, the committees of the Plant 
Engineering Division have been reorganised and 
related to the processes of the industry. 

Other developments of interest have been the 
formation of the Steel Users Section and the 
Corrosion Advice Bureau. Several smaller 
member firms and some of the associate mem- 
bers are concerned more with the use of steel in 





* Extracted from the Annual Report for 1954 of the British 
Iron and Steel Research Association. 
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manufacture than with making steel itself, with 
the result that the number of enquiries has 
grown to such an extent that a small team of 
investigators is now wholly engaged in answering 
the many and varied ad hoc problems of members. 
Many of these questions, both from members and 
non-members, inevitably relate to problems of 
corrosion. Hence, rather more of the resources 
of the Corrosion Laboratory are now being 
devoted to answering these enquiries through the 
medium of a Corrosion Advice Bureau. This 
service is normally free to members, unless the 
enquiries are such that they require protracted 
investigation. 

A commercial development officer has been 
appointed to progress the application and 
development of the Association’s patents. The 
Patents Committee of Council has approved a 
liberal policy of filing provisional patents in 
order that all new and promising ideas may be 
brought forward for further experiment and 
development under the industry’s control. When 
completion is considered their interest for and 
value as protection to the industry are then 
carefully scrutinised. Three-quarters of patents 
held at present by the Association are licensed 
by agreements and al- 
though royalties are not 
large at the moment, 
they are expected to 
increase. 

The laboratory plant 
for continuous casting of 
steel has been transferred 
from Battersea to the 
Sheffield Laboratories, 
where facilities are 
better. The experi- 
mental production plant 
in the works of a mem- 
ber firm, financed and 
operated by a group of 
members, has made good 
progress and is now 
operating on two 
strands. There is every 
hope that the first stage 
of this project will be 
successfully concluded 
early in 1955. 

Operational Research 
is expanding in its con- 
nections with the British 
Iron and Steel Federa- 
tion and its assistance 
to the Divisional pro- 
grammes. Projects have 
been selected for Con- 
ditional Aid under the 
Mutual Security Act, 
one of which is con- 
cerned with advice on 
works problems, and 
another on aiding pro- 
ductivity. In view of 
this expansion a Com- 
mittee of Council has 
been set up to review progress and to advise 
Council on the programme of research. 

Negotiations with the British Steel Wire 
Industries Association, since their withdrawal 
from the Federation in January, 1954, have 
resulted in their agreeing to contribute to the 
Association for research on wire and wire 
drawing, enabling the Association to continue 
its work in this field although on a somewhat 
reduced scale. 

The Association’s links with steel producers 
in the Commonwealth, which began some three 
years ago with the election to membership of a 
South African company, have now been extended 
to India, Canada and Australia. This is further 
evidence that the Association’s work is of direct 
help to Commonwealth firms by keeping them in 
touch with developments and research in this 
country. 

In accordance with the Council’s policy of 
giving members an opportunity to see the work 
of the Association, Open Days in November 
were arranged at the Battersea Laboratories, 
where the research of the London Group was on 
display to some 700 visitors from the industry, 
the Universities, and other research organisations. 
Evidence of the interest in the work is shown by 
the variety of comments and enquiries received. 
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Transient Generator for Testing 
Porcelain Insulators 


A NEW form of high voltage testing equipmen 
for testing insulators during factory production 
has been developed by the research laboratory 
of the British Thomson-Houston Company 
Ltd., Rugby, and is now installed at the Tam, 
worth factory of Doulton and Co., Ltd. 

Whereas it is common practice to subjeg; 
insulators to impulse testing, the new equipmen 
is designed to apply a sustained voltage tey 
in which the voltage takes the form of a succes. 
sion of transient damped oscillations at frequen. 
cies of the order of 100 to 200 ke/s. The gen. 
erators normally used for this duty are Tesi, 
coils. Unfortunately, this combination of high 
voltage and high frequency severely limits the 
total capacitance and, therefore, the number 
of the porcelain insulators which can be tested 
at one time by a Tesla coil. Accordingly, a 
the suggestion of Messrs Merz and McLellan, 
consulting engineers, a new form of generator 
to facilitate effective factory production testing 
was developed by British Thomson-Houston 
research laboratory at Rugby. This generator 


Transient generator for testing porcelain insulators 


is capable of applying high transient oscillatory 
voltages to a number of porcelain insulators 
simultaneously under conditions which involve 
feeding the insulators with some 80,000kVA 
of oscillatory energy. There are eight condensers 
and they are charged in parallel and discharged 
in series as in the Marx circuit. 

The new equipment differs, however, from 
conventional impulse generators in being charged 
and discharged recurrently fifty times a second, 
and in achieving its discharge through inductance 
so that the resulting voltage transients are oscil- 
latory ; it is these transients which involve the 
high kVA of oscillatory energy. At full rating 
the mean power input to the generator is some 
22kW ; of this power about half is available 
for dissipation at the porcelain insulators in the 
form of corona and other dielectric losses. _ 

The transient generator is 17ft high and is 
built in five columns, two formed of condensers, 
two of inductances, and the fifth of spark gaps. 
As may be seen from the accompanying illustra- 
tion the central column contains the spark 
gaps and the two columns flanking it consist 
of condensers. A portion of one of the two 
inductance columns can be seen behind the 
spark gap column, in front of which is the 
mechanical drive for spark gap adjustment. 
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Pressure Feed Oil Cans 


Tue photograph we reproduce below shows 
the general construction-ot a pressure feed oil 
can of Continental manufacture which is now 
peing «listributed in this country by Lida 
(London), Ltd., 28 and 30, Sussex Place, London, 
W.2. This gun is designed to give high pressure 
delivery of a pre-set quantity of lubricant 
when held at any angle. 

The can has a die cast aluminium container 
into the top of which is screwed a cap assembly 
complete with the trigger operated pump. This 
pump is of sliding barrel design with a freely 





Oil can with variable feed and for use at any angle 


swivelling angle piece at the lower end. A non- 
return ball suction valve is fitted at the lower 
end of the swivelling angle piece. Irrespective 
of the angle at which the container is held down 
as far as the horizontal position, or down to the 
lowest level of the lubricant in the container, 
the swivelling piece automatically positions the 
suction valve in the lubricant. A second suction 
valve is fitted at the top of the pump barrel and 
serves to admit lubricant when the can is held 
at angles below the horizontal position. 

The length of stroke made by the barrel 
sleeve controls the amount of lubricant delivered, 
and this stroke can be pre-set by the adjustment 
of nuts on a distance bar fixed between the sleeve 
and the cap of the container. These oil cans are 
made with three sizes of containers to hold 
*/, pint, */; pint and 1 pint. 





Optical Locator for Jig Boring 
Machines 


To provide a quick and easy means of locating 
holes or other points in workpieces on jig 
boring machines, the centre locating instrument, 





Optical locator with edge locating block on corner of 
workp 
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illustrated herewith, has been developed by Opti- 
cal Measuring Tools, Ltd., Maidenhead. It is fitted 
into the spindle nose of the machine and has a 
detachable shank which can be changed to suit 
the different types of jig borers. 

The instrument is essentially a microscope 
which when fitted in the nose has its vertical 
optical axis coincident with the spindle axis. 
The eyepiece tube is set at 30 deg. to the spindle 
axis so that the object can be viewed without 
the operator’s head being obstructed by the 
machine spindle. 

The graticule fitted is in the form of double 
cross lines with an additional single-line square 
and a small double-line square set at 
45 deg. at the intersections of the cross 
lines. Through the eyepiece the lines of the 
cross line are 0-035in apart and those of the 
small square are 0-049in apart. The objective 
lens of the microscope provides for a field of 
0-230in and, with the eyepiece, produces a 
magnification of 25 times. 

Also supplied with the locator -is an edge 
locating block—an ‘“‘L” shaped device to be 
seen on the corner of the workpiece in the 
illustration. This block has a hole in one leg 
which enables the inner face of the other leg 
to be seen. This inner face is lapped optically 
flat and when supported against the edge of the 
work to be located, it can be accurately positioned 
within the cross line of the graticule. 





Electrostatic Filter 


A pry electrostatic air filter designed especially 
for small air-conditioning systems is being 
put on the market by Air Control Installations, 
Ltd., Ruislip, Middlesex. Each unit consists 
of a rectangular casing suitable for insertion 
into an air duct, and containing, according to 
capacity, from two to eight filter cells. The cells 





Electrostatic filter with power-pack mounted on 
casing. Sprung bars holding the cells act as busbars 
by contacting the metallised edges of the filter 
are expendable and of lightweight construction, 
each containing 28 square feet of universal fibre 
matting bonded with thermoplastic resin and 
pleated accordion-fashion. By metallising the 
edges a series of electrodes are formed which, by 
means of busbars, are connected to earth on one 
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side of the filter, and to a source of 12,000V, 500 
micro-amps on the other. Our illustration 
shows the unit which is self-contained and com- 
plete with power pack. The maker states that 
the filter has a collecting efficiency of 70 per cent 
for particles of 1 micron diameter and about 
95 per cent for 3 microns diameter. Without 
the electric charge these figures reduce to 45 
and 85 per cent respectively. 





Progress of the St. Lawrence Seaway 
BY OUR CANADIAN CORRESPONDENT 


THE newly appointed chairman of the Hydro- 
Electric Power Commission of Ontario, 
Dr. R. L. Hearn, recently presented certain 
new facts relative to the St. Lawrence Seaway 
project.* He stated that the construction would 
involve a 2,200,000 h.p. potential, with the 
construction of two dams, and a power-house, 
which will be undertaken without any interrup- 
tion to the traffic on the present 14ft canal, which 
is on the Canadian side of the river. The power- 
house, which will also act as a gravity dam, will 
be the largest single structure in the project. 
It will be 3300ft in overall length, with a maximum 
height of 162ft above the foundation, and will 
be bisected by the Canadian-U.S. boundary. 
The power-house will be known as a “‘ modified 
outdoor ”’ structure, having no conventional 
superstructure over the generators, the sets being 
protected by removable housings, as our illus- 
tration overleaf shows. There will be thirty-two 
generating sets, equally divided between the 
United States New York Power Authority and the 
Ontario Hydro-Electric Power Commission. 
The Canadian switchyard will be on the Canadian 
shore, the American on Barnhart Island. 

The power-house will be 3 miles west of 
Cornwall, Ontario, between the Canadian shore 
and the eastern end of Barnhart Island, as 
indicated in the sketch map. The Long Sault 
dam, will control the flow in the headpond. 
This dam will be a curved concrete gravity 
structure, 2250ft long, 145ft high, and with the 
spillway section incorporating thirty 50ft wide 
vertical lift gates. 

A third structure, known as the Iroquois 
control dam, will be built 25 miles further 
upstream from the Long Sault dam, and will be 
2780ft in length, and 120ft in height. Additional 
structures will include 14 miles of dykes, contain- 
ing 10,000,000 cubic yards of compacted material, 
and channel improvements, to meet navigational 
and hydraulic requirements, involving the excava- 
tion of 61,000,000 cubic yards of earth and 
5,000,000 cubic yards of rock. For all the struc- 
tures, on both the American and Canadian sides 
of the river, there will be required a total of 
approximately 2,700,000 cubic yards of con- 
crete and 11,600 tons of structural steel. The 
excavation for the three structures mentioned 
above will involve the removal of 4,206,000 cubic 
yards of earth and 417,000 cubic yards of rock. 

Dr. Hearn gave further details of the construc- 
tion of the two cofferdams, which are necessary 
to dewater the power-house site. The first 





oy BT a project was described in THE ENGINEER of July 
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of these, a 500ft cofferdam between Sheek and 
Barnhart Islands, is now completed. Another 
cofferdam, 2:73 miles downstream, just below 
the eventual site of the power-house, is being 
constructed. This will stretch from the Canadian 
mainland to Barnhart Island, and will be 4500ft 
in length. Besides these two dams, two access 
tunnels are being driven under the 14ft Cornwall 
Canal, and a Bailey retractable bridge is being 
built across the canal. Upon the completion of 
this work, which it is hoped will be finished by 
the time the river thaw permits the opening of 
navigation, the area between the cofferdams 
will be pumped dry, and a start made on the 
power-house itself. 

Qn the United States side of the river, work is 
proceeding on the floating bridge, which will 
run from the American shore to Barnhart Island. 
The shore and river anchors of this bridge have 
already been placed. Work is also proceeding 
on the permanent Barnhart Island bridge, with 
clearing being carried out for the rail and highway 
approaches. Further cofferdams and cuts will 
be made as the work on the project progresses. 
It is expected that the first power from the 
power-house will be delivered in 1958. It was 
stated, however, that the St. Lawrence power 
project will only prove adequate until 1962. 
Before that date, according to Dr. Hearn, 
Ontario will have to find alternate sources of 
power, as the St. Lawrence is the last major 
source of hydro-electric power in the Province, 
and it is estimated that by 1962 all the power 
generated by this development will be absorbed. 

There has been other information released 
about the letting of contracts, and -the placing 
of orders, since Dr. Hearn’s speech. C. A. 
Pitts, Ltd., Toronto, was awarded the contract 
for 1,942,000 tons of rock and sand, to be 
quarried from the Commission’s own quarry 
near Cornwall, Ontario. The contract for the 
supply and installation of the sixteen generators 
was awarded to two Canadian firms; eight 
units were ordered from the Canadian General 
Electric Company, Ltd., Toronto, and eight from 
the Canadian Westinghouse Company, Ltd., 
Hamilton, at a total cost of approximately 
13,500,000 dollars. Both firms have agreed to 
August 1, 1957, as the date for the commence- 
ment of erection. The contract for sixteen 
turbines and governors has been awarded to the 
English Electric Company of Canada, Toronto, 
for a bid of approximately 7,500,000 dollars, 
delivery to commence in March, 1956. It was 
reported that there were bids, in both cases, 
from firms in Great Britain and Europe. 

In their installed position, the turbines will 
be directly on the downstream side of the concrete 
intake structure which forms the dam. A 90-ton 
gantry crane will be installed on tracks, over the 
trash racks and intake gates ; a 400-ton gantry 
will be installed to service the sixteen generators 
and turbines, and, similarly, a 30-ton gantry 
will service the outlet controls. The highest 
point of the intake structure will be at the 242ft 
level, and that of the downstream side of the 
structure will be at 192ft. The upstream intake 
will be between 156ft and 217-Sft, giving a 
61-5ft opening. On the downstream side, the 
outlet will be between 100ft and 129ft (i.e. a 
maximum head of about 80ft). 
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Indian Engineering News 
BY OUR INDIAN CORRESPONDENT 


Lignite Mining in South India 

Four kinds of schemes for the exploita- 
tion of lignite deposits in Madras have been 
recommended to the Government of India by 
the British firm of consulting engineers, Powell 
Duffryn Technical Services, Ltd. The services 
of the consultants were obtained through the 
Colombo Plan and they were asked to “ produce 
a technical and economical assessment of the 
mining of lignite, taking into account its possible 
use for power generation, briquettes, fertilisers 
and synthetic oil.”” The consultants began their 
work in May, 1954, and the report was submitted 

in November last year. 
The first scheme envisages the production of 
1,070,000 tons of lignite per year to be used as 
fuel for a thermal power station of 200MW 
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economically, the most suitable, with an gi). 
mated total return on capital of 15 per cent. The 
report is now in the hands of the Governmen 
who have appointed a committee to prepare , 
project report based on the consultants’ recom. 
mendations. There are estimated reserves of 
about 200 million tons of lignite ; in the even 
of scheme three being adopted, therefore, aboy 
fifty years supply is available. 


Progress of Engineering Industries 

The general index of industrial prodyg. 
tion, which stood at 135-3 in 1953*, rose to 145 
in 1954, and the general index of prices dropped 
from 399-6 in January, 1954, to 367-8 in Decem. 
ber, 1954, according to the annual report of the 
Ministry of Commerce and Industry for the 
year 1954. The increase in production was very 
widespread. In cloth and cement, the target set 
out in the plan was more than achieved. Stee] 


Production Statistics of Major Indian Manufacturing Industries in 1953 and 1954 
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installed capacity. This would entail a capital 
expenditure of Rs.291-5 million (£22,000,000). 
Under the second scheme, 1,370,000 tons of 
lignite would be mined every year, to supply a 
200MW power station and an ammonium 
sulphate plant with a capacity of 100,000 tons a 
year. Under the same scheme, a little modified, 
an additional 260,000 tons of lignite would be 
mined to produce another 100,000 tons of 
ammonium sulphate. This would cost Rs.442-9 
million, roughly £33,000,000. Scheme three will 
require an annual lignite production of 3,273,000 
tons to produce 211,000kW of power, 200,000 
tons of ammonium sulphate and 714,000 tons of 
briquettes per year. A low temperature car- 
bonisation plant set up for processing briquettes 
will yield in addition 6400 tons of motor spirit, 
51,300 tons of tar and 1032 tons of phenol. 
The cost would be about Rs.583 million. Under 
the fourth scheme, 6,268,000 tons of lignite will 
be mined every year to produce 263,000kW of 
power, 100,000 tons of ammonium sulphate, 
20,000 tons of urea, 1,428,000 tons of briquettes, 
half of which will be reprocessed to give, among 
other products, motor spirit, tar and phenol. A 


synthetic oil plant to work on the Fischer- - 


Tropsch system, will also be installed to produce 
tar, diesel oil and sulphuric acid. This scheme 
will cost about £64,000,000. 

Scheme three is generally considered to be, 


igures in brackets indicate number of manufacturing “ units.” 
Source: (i) Report 1954-55 of the Ministry of Commerce and Industry. (ii) Journal of Industry and Trade, March, 1955. 


production reached an all-time record of 
1,226,000 tons of finished steel, 200,000 tons 
more than in 1953. In engineering, fifty-six out 
of sixty-two industries showed increased pro- 
duction, and in séveral cases, e.g. sewing 
machines, transformers, ball-bearings, hurricane 
lanterns, wood screws, &c., a number of fac- 
— found it necessary to work more than one 
shift. 

Several new lines of manufacture were taken 
up for development. To cite only a few examples, 
roller bearings, geared head lathes of 10in to 
124in centres, motorised bench grinders, gudgeon 
pins, and fuel injection equipment, were manufac- 
tured for the first time in the country. Proposals 
for the manufacture of several other new items, 
such as typewriters, steel tubes and industrial 
and electrical machinery, were received during 
the year, many of them from foreign manu- 
facturers. Production of these items is expected 
to start in the near future. The electrical indus- 
tries had a good year in 1954, in contrast to the 
fall in production recorded in 1953. There was 
a decrease in production only in two items, 
namely, bare copper conductors and domestic 
refrigerators ; all other lines recorded impressive 
increases. The electric motor industry made 
considerable progress and slipring motors up 
to 125 h.p. are now being made for the first time 
in India. Similarly, transformers up to 3000kVA/ 
30kV are also being produced. Statistics for 
the major industries are given in the table. 


Burmah-Shell Refinery 


The Burmah-Shell refinery at Trombay 
was inaugurated by the Union Vice-President, 
Dr. S. Radhakrishnan, on March 17th. It is the 
second refinery to be brought into commission 
within the last six months, the first being the 
Standard-Vacuum, also at Trombay, with a 
refining capacity of 1,500,000 tons of crude oil, 
500,000 less than that of Burmah-Shell. The 
total output of the two refineries, when in full 
production, will be about 773 million gallons per 
annum and, together with India’s oldest refinery 
at Digboi, Assam, they will be meeting about 80 
per cent of the country’s requirements of petro- 
leum products. The Burmah-Shell refinery cost 
about Rs.330 million (£25,000,000) and was 
completed a year ahead of schedule. The 
refineries, with their combined investment of 


about £50,000,000, constitute, so far, the largest 
single foreign investment in India. 
* 100 in 1946. 
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Barnhart Island and the Canadian shore. Power will be generated thirty-two turbo-alternator 
sets, giving an installed capacity of 2,200,000 h.p. 
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Nuclear Propulsion Plant of the 
U.S.S. “ Nautilus ” 


BY OUR AMERICAN EDITOR 


The recent trials of the submarine U.S.S. “ Nautilus”’ have established the 
successful performance of the submarine thermal reactor (“ST R’’) plant which powers 


the vessel. 


The propulsion plant comprises a uranium 235 heterogeneous thermal 


reactor using ordinary water under high pressure as the moderator as well as the 
primary coolant, a heat exchanger and a conventional marine turbine driving the two 


propellers and electric generating plant. 


The propulsion equipment was designed 


and built by the Atomic Power Division of the Westinghouse Electric Corporation 
under contract from the U.S. Atomic Energy Commission and the U.S. Navy, 
and the following article is based on data recently released by these organisations. 


HE submarine thermal reactor (“‘ STR ”’) 

project, which forms the basis of the present 
propulsion plant of the submarine U.S.S. 
“Nautilus” (Fig. 1), was established by the 
U.S. Atomic Energy Commission in 1948. At 
that time the research aspects of the scheme 
were assigned by the Commission to the Argonne 
Nationa! Laboratory. To the Westinghouse 
Electric Corporation the Commission assigned 
the development, engineering design, construc- 
tion and operation of the ““STR” Mark I, 
land-based prototype plant and the design and 
construction of the present shipboard plant, 
Mark II. Active development work by Westing- 
house began early in 1949, with the official 
establishment of the pressurised water reactor 
as the one selected for this project. In August, 
1950, construction of the Mark I plant began at 
the National Reactor Testing Station in Idaho, 
and President Truman signed the law authorising 
the construction of the nuclear-powered sub- 
marine U.S.S. “ Nautilus,” to be powered by 
the submarine thermal reactor Mark II. 
Throughout 1951 and 1952, development, design 
and construction of the Mark I proceeded 
simultaneously with design of the Mark IT. On 
March 30, 1953, the Mark I reactor became 
critical, and on May 31st of that year it was 
first operated at power. In June, 1953, a sus- 
tained full-power run, simulating an Atlantic 
crossing submerged, was concluded successfully. 
In the meantime, the keel of the “ Nautilus ” 
had been laid at the Groton yard of the Electric 
Boat Division, General Dynamics Corporation, 
in Connecticut, on June 14, 1952, and the fabrica- 
tion and installation of her power plant was 
progressing. When she was launched on January 
21, 1954, most of the major components of her 
propulsion plant were already installed. Although 
the Mark IT plant installed in the “ Nautilus ” is 
a nominal duplicate of the Mark I, many design 
changes have been incorporated. 


PRINCIPLE OF THERMAL REACTOR 


The principle upon which the submarine 
thermal reactor plant is based is the fission 


of uranium-235 as a result of the absorption of 
thermal or low-velocity neutrons into the nuclei. 
The resultant breaking apart of the uranium-235 
nucleus into fission fragments results in these 
fragments moving apart with a very high velocity 
and hence possessing high kinetic energy. These 
fission fragments are stopped by surrounding 
materials, and the kinetic energy is dissipated in 
the form of heat. Since the fission fragments are 
stopped and their kinetic energy released in the 
form of heat practically at the point of fission, 
the process of fission in effect produces heat 
directly. Also produced is radioactivity in the 
form of beta particles, gamma rays and neutrons 
emitted at the time of fission. These produce a 
significant fraction of the total heat generated. 
The radiation particles are emitted later during 
the process of radioactive decay of the fission 
fragments into more stable forms. Some of the 
heat is associated with this later release of radio- 
activity ; therefore, even after the reactor is 
shut down, a small amount of after-heat continues 
to be released. 

It has been estimated that 3 x 10% fissions are 
required to produce the release of approximately 
1 B.Th.U. of heat. The fissioning of 1 lb of 
uranium-235 produces heat equivalent to 
that from the combustion of about 2000 tons of 
coal. There are now many different methods by 
which a nuclear reaction in a thermal reactor 
is achieved. In such a reactor the principal 
neutron absorption which causes fission is 
produced by what are’known as thermal or slow 
neutrons, the process of slowing down being 
achieved by moderators. In the “ Nautilus ” 
reactor the hydrogen atoms in the ordinary 
water which is in the reactor act as the moderator. 
This water also serves as the “ primary ”’ coolant 
which removes heat from the place of generation 
in the uranium and conveys it out of the reactor 
core and over to a steam generator. 

To a first approximation, the amount of energy 
that may be released within a reactor, and hence 
the amount of power that may be produced 
thereby, does not depend upon the size of the 
reactor as determined by nuclear consideration. 





Fig. 1—Submarine U.S.S. ‘* Nautilus ”’ after launching 
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Any amount of power, from a few watts up to 
hundreds of megawatts of heat, may be produced 
by a reactor provided this energy can be removed 
from it. In the smaller reactors, it is interesting 
to note that the limitation on the power pro- 
duction is not a nuclear one, but rather one 
that is dictated by the ability of the engineer to 
remove the desired amount of heat from the 
small volume of the reactor required by the 
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Fig. 2—Diagram of nuclear propulsion plant of U.S.S. 
** Nautilus ”’ 


cycle chosen for the submarine thermal reactor 
was one that permitted operation at about the 
minimum temperatures which would allow the 
generation of useful power. It uses ordinary 
water maintained under high pressure, so that 
it does not boil, to transfer heat from the reactor 
into a steam generator (Fig. 2). This generator 
is basically a shell-and-tube feed-water heater. 
Ordinary boiler water at relatively low pressures 
on the other side of the tubes boils and forms 
steam which is used to drive steam turbines for 
propulsive power and to generate electricity to 
meet the needs of auxiliary shipboard require- 

ments. ; 


NUCLEAR REACTOR PLANT 


It was found that the equipment to be mounted 
in the hull of the nuclear-powered submarine was 
so functionally inter-related that it had to be 
considered as a single power plant. However, 
it required hull space of such a size that it was 
necessary to divide it into two physically separated 
compartments to provide adequate water-tight 
integrity in the event of battle damage to the 
submarine hull. As shown in Fig. 3, the reactor 
compartment contains the nuclear reactor, all 
steam generating equipment and the auxiliary 
systems. The engine-room contains the propul- 
sion equipment, all steam-driven plant, associated 
control panels and switchgear, as well as the 
main control point for the equipment in both 
compartments. The primary coolant system, 
which is situated in the reactor compartment, 
consists of a carbon steel reactor pressure 
vessel containing a nuclear reactor and a coolant 
loop. The water coolant is also the moderator 
and is circulated by “canned” motor pumps 
through the reactor vessel to be heated, and 
then through the steam generators for the transfer 
of heat to the water on the secondary side. The 
wet steam rises to the steam separator where the 
water is removed, providing dry and saturated 
steam. The coolant loop is provided with stop 
valves to permit the isolation of parts for main- 
tenance. From the separator the steam 
is carried through pipes which penetrate the 
bulkhead and diverge in the engine-room to 
supply steam to the main propulsion turbine and 
to the ship’s service turbo-generator sets. Con- 
densate is pumped back to the steam generators. 

As indicated in Fig. 3, the reactor vessel is 
mounted vertically in the reactor compartment. 
In the lower part of the compartment are the 
primary coolant pumps, and outboard of the 
pumps is the steam-generating equipment. In 
the upper part of the compartment above the 
steam generating equipment is the steam 
separator, from which emerge the main steam 
headers that lead aft to the engine-room. The 
pressurising unit is situated aft of the main pumps. 
The engine-room is situated adjacent to and 
aft of the reactor compartment and is divided 
into upper and lower levels. Each level is pro- 
vided with a walkway running fore and aft 
along the horizontal centre line. 

The steam generator transfers the heat energy 
of the radioactive primary water to non-radio- 
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Fig. 3—Artist’s impression of the arrangement of U.S.S. ‘‘ Nautilus ”’ 


active steam. In operation, the primary water 
enters the forward end of the steam generator, 
and passes through the tubes, which are rolled 
and welded. As the secondary water flows 
across the bundle, boiling takes place. Water is 
fed into the bottom of the shell side through a 
header beneath the generator shell. Feed lines 
branch from this header and distribute the water 
into the bottom of the shell. 

The main coolant pump, of which a cut-away 
view is reproduced in Fig. 4, is of centrifugal 
design and is driven by a three-phase induction 
“canned” motor. The complete pump unit 
consists of an electrical stator assembly, a canned 
rotor assembly, a pressure housing with an 
integral cooler, bearings, a pump impeller and a 
lower boiting ring. The drive unit is assembled 
into the volute, which forms part of the primary 
coolant water loop. Within the motor, cooled 
primary water is circulated by means of an 
auxiliary radial-vane impeller. From the 
impeller water flows downward through the 
“‘ air-gap ’’ to the lower radial and upper and 
lower thrust bearings, and into the cooling 
tubes that form part of the heat exchanger. The 
water is then brought to the top of the pump, 
where it enters the motor frame and the auxiliary 
impeller suction. Some water from the auxiliary 
impeller is by-passed from this circuit to circulate 
water to the upper radial bearing. The by-passed 
water flows through the bearing and then directly 
back to the auxiliary impeller suction. Motor 
heat is dissipated to the primary water being 
recirculated within the pump. A closely fitting 
labyrinth seal on the shaft just below the thrust 
bearing and a double Belleville spring arrange- 
ment prevent the motor cooling water from 
circulating freely with the high-temperature 
primary coolant water. Heat from the end turns 
is transferred by conduction by mechanical 
means to the pressure shell. The upper and 
lower journal bearings are made of “‘ Graphitar ”’ 
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Fig. 4—Cut-away view of main coolant pump 


and are backed by stainless steel shells having 
spherical seats to facilitate self-alignment. These 
seats rest on cylindrical rings of Stellite. The 
upper tapered-land thrust bearing is made of 
“* Graphitar ” and has runners of stainless steel. 
The lower thrust bearing is a fully equalised 
pivoted shoe bearing. The conductor slots have 
been kept as narrow as possible to reduce the 
stress at the points where the “ can ”’ bridges the 
slots. Beyond the end of the stator punchings 
support is provided by the back-up cylinders to 
which the can ends are welded. 

Shielding the radioactive power plant com- 
ponents without adding a prohibitive amount 
of weight was one of the major problems encoun- 
tered in designing the propulsion plant. As 
finally arranged, the shielding is such that 
essential controls and equipment can be manned 
while the reactor is operating. Both piping and 
electric cables necessarily have to penetrate the 
shield. These penetrations had to be made 
watertight and airtight to prevent leak through 
of radioactive airborne particles and had to be 
designed to attenuate properly any radiation 
leakage through them. 


TURBINE PROPULSION PLANT 


The primary purpose of the turbine plant is 
to convert the heat energy developed by the 
reactor into useful shaft horsepower for 
ship propulsion. In addition, the steam 
generating plant also supplies power to all 
auxiliaries and all electrical equipment and 
lighting systems, including sufficient power for 
charging the battery. The equipment employed 
is similar to a conventional shipboard installation 
as far as the handling of the steam and the 
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condensate is concerned. The steam system 
has been subdivided into identical port ang 
starboard plants which can be operated simu. 
taneously, either cross-connected or isolated 
from each other. Fig. 5 shows the arrangement 
of the starboard plant diagrammatically. 


The main engines are geared steam turbines, 
The design of the condensers, the circulating 
water piping, and pumps for all units introduced 
special problems in the case of the “* Nautilus,” 
The circulating water system of a conventional 
land-based or shipboard plant is designed for 
low ambient pressure. In the submarine, the 
equipment in the circulating water system had to 
be designed for high-pressure to contain the 
sea-water for static conditions corresponding 
to maximum submergence, in addition to pro- 
viding the large heat-transfer surface and high 
flows necessary for disposing of the waste heat. 


To convert the shaft horsepower from the 
low and high-pressure turbines into useful thrust, 
it passes through the reduction gears, the clutch, 
and finally through the propulsion motor shaft. 
The power is then applied directly to the pro- 
peller. The propulsion system clutch enables the 
propulsion motor and propeller section to be 
disengaged from the turbine and main reduction 
gear section. If a clutch were not used, the 
propulsion motor, when in operation, would 
have to overcome the inertia and friction losses 
of the turbine rotors and reduction gear in 
addition to overcoming the normal propeller 
load. The clutch also permits some misalignment 
of the drive shaft. It incorporates a thrust 
link which serves to locate the reduction gears 
axially and to transmit any axial forces due to 
these gears to the main thrust bearing. 





PROPELLER 











Fig. 5—Diagram of starboard plant arrangement of steam system 
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Positive protection from nuclear radiation has 
heen 2 major concern in developing the pro- 
jsion plant of the ‘‘ Nautilus.” The shield 
employed reduces the radiation to such a level 
that, during a Cruise lasting the life of the reactor, 
the average Crew member will receive less radia- 
tion than he would during a lifetime from cosmic 
rays ; natural radioactivity in the sea, air, drink- 
ing water and ground ; routine chest and dental 
X-4ays; television screens, and luminescent 
instrument dials. The radiation-monitoring 
system for the submarine, which is to ensure the 
maintenance of proper radiation levels for per- 
sonnel protection, has air-particle detectors, 
a detectors, boiler leak detectors, and a 
discharge system activity indicator. The air 
detectors sample the activity of the air in the 
shielded area and in adjacent compartments. 
Gamma detectors are installed in various sections 
of the ship. The boiler leak detectors warn of a 
ruptured boiler tube in the steam generator which 
would allow radioactive coolant to enter the 
unshielded steam system. The discharge system 
activity indicators ensure that radioactive water 
is not discharged at a dock or elsewhere where 
it would create a hazard. 


DESIGN OF REACTOR 


To capitalise to the greatest extent possible on 
the use of nuclear power in the propulsion plant 
of the submarine, it was necessary to design the 
reactor plant to have long life, and the longest 
possible periods between refuellings. Having 
selected the water-cooled and moderated, highly 
enriched heterogeneous design, it was then neces- 
sary to determine the overall plant design para- 
meters. A variety of steam cycles, including 
various throttle pressures and back pressures, 
were considered, and the most suitable one— 
from a weight and space viewpoint—was selected, 
compatible with the temperatures available from 
the primary plant. The reactor heat load was 
determined and the primary system water 
temperature, pressure and flow, and the maximum 
fuel element surface temperature were selected. 


The maximum fuel element surface temperature 
that could be used was limited by several factors. 
The temperature had to be below the boiling 
point of water for the operating pressure of the 
system. The temperature also had to be suffi- 
ciently low to guarantee a satisfactory lifetime 
for the fuel elements from a corrosion point of 
view. Obviously, it was desirable to have this 
metal surface temperature as high as possible in 
order to obtain maximum thermal efficiency in 
the overall plant. Even though the variation in 
metal temperature due to power transients and 
the possible variation in the system pressure 
were not accurately known, the metal surface 
temperature was limited by the known data on 
corrosion resistance of the zirconium sheath 
for the fuel elements. In determining the 
average coolant temperature it was necessary to 
strike a proper balance of weight, space and cost 
of the primary coolant system components. For 
a particular steam generator and core design, 
increasing the average coolant temperature 
required a larger and heavier core and reactor 
vessel. On the other hand, increasing the 
average coolant temperature reduced the size, 
weight and cost of the boiler. 

It is well known that to obtain the necessary 
heat transfer surface in a nuclear core the highly 
enriched uranium fuel must be alloyed with 
other elements or combined with other materials. 
The core fuel element not only must have satis- 
factory nuclear properties, but also must be 
satisfactory from a radiation damage and 
corrosion standpoint. It is also desirable to 
have fuel elements that can be fabricated as 
cheaply as possible. The clad material on the 
fuel elements must not only prevent fission 
products from contaminating the primary coolant 
but also must itself be corrosion resistant so that 
radioactive corrosion products do not enter the 
primary coolant in any appreciable amounts. 
The fuel element must be capable of withstanding 
the effect of the neutron flux throughout the 
life of the reactor without causing structural 
damage, distortion or damage to the heat transfer 
properties of the materials. Finally, the materials 
used in the core must have a low absorption 
cross-section for neutrons in order not to increase 
the amount of fissionable material required. 
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Having determined the fuel element material, 
it was still possible to design the core with an 
almost infinite variety of shapes and configura- 
tions. The fuel element geometry had to be 
satisfactory from a nuclear aspect as well as 
from the standpoints of heat transfer reliability, 
manufacture and cost. There had to be no 
excessively hot spot in the core occasioned by 
non-uniform distribution of fuel or coolant 
which would cause corrosion damage or excessive 
thermal stress. Assembly had to be accom- 
plished in such a way that failure to pass inspec- 
tion at any stage of manufacture required the 
minimum loss due to scrapping of material. 
The entire assembly, of course, had to be capable 
of withstanding high impact shock. 

The zirconium and zirconium-uranium alloys 
which were selected for the fabrication of the 
fuel elements were largely unknown from a 
metallurgical standpoint, and extensive research 
and development were required before the final 
design was determined. It soon became apparent 
that existing sources of supply of pure zirconium 
would not be sufficient for the needs of this 
scheme. To cope with this situation a zir- 
conium production plant, which is illustrated 
in Fig. 6, was constructed at the Bettis works 
of the Westinghouse Electric Corporation near 
Pittsburgh, and in a very few months was pro- 
ducing large quantities of pure crystal bar 
zirconium. Fabricating methods and quality 
control relating to core manufacture entailed 
much development work. Fuel element samples 
were made and tested in existing reactors to 
verify that the fuel elements would be satisfactory 
with regard to corrosion and radiation damage. 

In designing the reactor for the ‘‘ Nautilus ” 
heat transfer as well as space considerations 
made it desirable to introduce the minimum 
acceptable amount of control. The control 
rods were made of the little-known metal, 
hafnium, and the manufacture of these 
rods required extensive development in the 
metallurgy of this new metal. One of the 
problems that had to be considered with respect 
to the control rods was their nuclear depletion, 
for control rods perform their function by having 
an unusually high absorption cross-section for 
neutrons. This very fact, however, causes the 
atoms of the control rod material to change 
gradually to isotopes of higher order. This 
means that the absorption cross-section corre- 
spondingly changes, usually decreasing with the 
absorption of each neutron. The life charac- 
teristics of the rods, therefore, had to be calcu- 
lated carefully to ascertain that they will be 
adequate throughout the life of the reactor. 

Shielding of mobile plants presents a particu- 
larly difficult problem and in the design of the 
submarine reactor shield it was first necessary to 
know the attenuation characteristics of the 
various materials and combinations of materials 
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Fig. 6—Zirconium crystal bar production plant at the Bettis works 
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that were to be used. After this information was 
obtained, the problem was still a difficult one, 
because the radiation does not emanate from a 
single point source or from even a simple dis- 
tributed source such as the core itself but, 
rather, from the core and from the radioactive 
corrosion products that are in the coolant, as 
well as from the radioactive oxygen in the 
coolant. In addition, these corrosion products 
over a period of time distribute themselves 
throughout the reactor system, concentrating 
in certain places, such as crevices. There is the 
additional complicating factor which is the self- 
shielding of the pipes, the core itself, the coolant 
and the other pieces of equipment, such as valves 
and pumps. In addition, the radiation that can 
be allowed to emanate from the shielded areas 
depends upon the access required by the crew. 
All of these matters were taken into consideration 
in the design and a theoretical solution was 
obtained. This was checked very roughly by 
tests made at the Oak Ridge National Labora- 
tory. Final confirmation of the shield design 
could not be obtained until the ‘‘ STR ” Mark I 
reactor was actually operated at power at the 
test site in Idaho. 

Another aspect of the nuclear power plant 
associated with shielding was the high degree of 
leak-tightness required of the coolant system 
which had to contain radioactive coolant. A 
degree of leak-tightness and reliability that is 
unusual in the case of large systems by ordinary 
engineering standards was required. In the case 
of most of the reactor coolants used, the leakage 
of a very few cubic centimetres will release 
enough radioactivity to the surroundings to 
make the area uninhabitable. An ordinary steam 
turbine installation is subject to copious leakage 
when compared with this standard. Valve 
packing glands, pump-shaft seals, pipe flanges 
and turbine-shaft seals usually all leak to the 
extent that it is necessary to add many gallons 
of make-up water per day to the boiler. The 
heat exchangers, piping, reactor vessel and other 
primary coolant-system components, which make 
up this necessarily impervious envelope to con- 
tain the coolant, generally may be of a heavy, 
rugged construction. However, it is necessary to 
transmit through this envelope certain motions, 
pressures or considerable amounts of energy ; 
and the points at which these pass through the 
envelope constitute points of weakness. 


PROGRAMME OF TESTS 


In a development programme of the magnitude 
of the submarine thermal reactor scheme, many 
items completely new in concept and design were 
combined to form a final power plant. The 
principle of individual tests for each item was 
followed to the maximum extent possible so that 
the final assembly represented a test of the 
complete power plant rather than the test of 
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individual items. In addition, where secondary 
service systems were involved, the systems 
themselves were tested individually before inclu- 
sion in the assembled plant. Finally, the entire 
nuclear power plant was tested at the Mark I 
facility as a whole. This extensive test pro- 
gramme has proven its worth, since the power 
plant, as now installed in the “* Nautilus,” is a 
plant similar to one which has had over a year’s 
operating experience. 


OPERATION OF MARK I PLANT 


The “STR” Mark I installation in Idaho 
first achieved criticality on March 30, 1953. 
By that time work on the plant was essentially 
complete and most of the plant itself had been 
tested. The next two months were devoted to 
completions of the sealing of the primary coolant 
system and to all final pressure testing and 
thermal insulation. The first useful power was 
generated on May 31, 1953. Beginning in the 
evening of June 25, 1953, the Mark I was brought 
to full power for a sustained run needed to 
obtain information on nuclear physics and the 
reliability of the nuclear plant. It was planned 
to run for twenty-four hours. At the scheduled 
end of the test, the Mark I was performing so 
well that it was decided to simulate a run across 
the Atlantic. For the next several days the Mark I 
“* submarine” proceeded at top speed. 

No deliberate attempt has yet been made 
to operate the plant above its rated power 
since a large and extensive testing programme 
is being run to obtain detailed design informa- 
tion on all parts of the plant.to permit 
the better design of future power plants of this 
general type. As an indication of the tests which 
are being run, extensive measurements have been 
made of the effectiveness of the radiation shield- 
ing in an effort to determine information which 
will permit a closer and more precise design of 
future shields. Elaborate measurements have 
been made for the reactivity of the reactor itself 
under various conditions of pressure and 
temperature. The ability of the reactor to 
operate under conditions of extreme and rapid 
load vatiation on the propeller have been evalu- 
ated thoroughly. Various water-purity and 
treatment problems both in the primary coolant 
system and in the boiler system have been 
studied. The ability to perform both routine 
and major maintenance has been evaluated both 
deliberately through the performance of sche- 
duled repair items and of necessity through the 
replacement of various defective components. 

The “ Nautilis” has now completed her 
builder’s trials, which involved travel over more 
than 3000 miles and sixty-nine dives. 





Flood Control System of the T.V.A. 


In March the Tennessee river valley experi- 
enced a rainstorm of extraordinary volume and 
intensity, its greatest impact being felt in the 
lower river valley, but with heavy downpours 
also causing flood conditions throughout the 
length of the region, from upper East Tennessee 
to Paducah, Kentucky. This occurrence provided 
a good illustration of the manner in whieh the 
T.V.A. now copes with such storm and flood 
conditions by co-ordinated operation of its 
system of dams and reservoirs which is shown in 
the accompanying map. 

The highest measurements of rainfall during 
the storm occurred in the vicinity of Florence, 
Alabama, where the Wilson dam is situated, near 
the Pickwick Landing dam some 50 miles farther 
down the Tennessee, and in areas to the north- 
east. The Wilson dam, for example, received 
7-4in of rain in the forty-eight-hour period ending 
at 6 a.m. on Tuesday, March 22nd. The Pick- 
wick Landing dam received 5-72in, Lawrence- 
burg 7-23in, and Loretto 8-9lin. Even these 
high rainfall figures do not tell the whole story, 
however. The storm followed several days: of 
lesser rains, which left the ground thoroughly 
soaked and created conditions of high run-off. 
Moreover, by far the greatest proportion of this 
tain fell in a twenty-four-hour period within 
the forty-eight hours. The rainfall intensity was 
less, but nevertheless heavy, in many of the 
catchment areas to the east and north-east into 
which the storm moved. Norris received 2°3lin 
in the same forty-eight-hour period, for example 
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T.V.A. flood control system 


and La Follette 3-28in. Kingsport received, 
1-25in, Bristol 1-09in, and Tazewell, Virginia, 
1-34in. Here again heavy rains over several 
previous weeks had soaked the ground. 

When a sudden, storm descends on the 
immediate area of the main stream dams, the 
control problem is found to be difficult because 
the number of impounding structures is limited 
and the reservoir storage space is therefore 
limited. In this particular case the problem 
was concentrated at the Pickwick Landing dam. 

Even before the rain had fallen, on the basis 
of quantitative rain forecast provided for the 
T.V.A. under special arrangements with the U.S 
Weather Bureau, water discharges were increased 
at Pickwick so that the storage space behind the 
dam would be used as effectively as possible. 
The waters were released into the Kentucky dam 
reservoir, where the storage capacity was vastly 
greater and where the storm was less severe. The 
tate of release, however, was governed so that, 
as far as possible, high water conditions would 
be relieved in the region below the dam. Through- 
out the storm and immediately afterwards the 
releases of water from the Pickwick Landing dam 
were scheduled hour by hour. Stream gauge 
readings were transmitted to the engineers in 
the division of water control planning of the 
T.V.A. in Knoxville by wireless and telephone. 
There they were correlated to make stream flow 
estimates, and water releases were adjusted 
accordingly. In the latter hours of the process 
the Pickwick Landing reservoir was maintained 
for many hours at a stage just a few inches below 
the top of the flood gates. Thus the Authority 
was able to hold the flow from the Pickwick. 
Landing reservoir somewhat below what would 
have been the natural flow had the dam not been 
in the river. 

Meanwhile the high rainfall of earlier weeks in 
the upper river and tributary regions had been 
retained in the reservoir areas and had the effect 
of preventing these waters from adding to the 
difficulties at Pickwick downstream. No water 
was Teleased from the South Holston dam, for 
example, and the level of that reservoir rose 
about 23ft in the period from March 15th to 
March 23rd. The Watauga reservoir also was 
“bottled up” completely and its waters rose 
about 25ft in the same period. In addition, 
special operations at the Boone and Fort Patrick 
Henry reservoirs in East Tennessee lowered the 
flood crest at Kingsport on March 18th, following 
heavy rains between Kingsport and the South 
Holston and Watauga dams. Other tributary 
dams also had been closed off, except for turbine 
discharge when required, to prevent these 
streams from adding to the main stream torrent. 
The reservoir level at Norris rose 15ft over the 
same period from March 15th to March 23rd. 
The Douglas reservoir rose 11ft, Cherokee 19ft, 
Fontana 30ft, and Hiwassee 10ft. As a result 
of action at the Norris dam, the city of Clinton 
was fl by the Clinch River. 
When the heavy storm struck on March 20th 






the main stream dams, from Fort Loudoun to 
Wilson, were regulated to store the water during 
the flood crest. The effect of these measures on 
Chattanooga, the most vulnerable flood danger 
spot in the valley, was to save the city flood 
damage in the neighbourhood of half a million 
dollars. The flood stage at Chattanooga is 
30ft and the waters were held to an incon- 
spicuous 22ft 6in : without regulation, the U.S. 
Weather Bureau calculated that the crest would 
have reached about 36ft on March 22nd. Chatta- 
noogans may wish to take warning from this 
incident by speculating on what their problem 
would have been had the brunt of the stom 
struck, not at Pickwick, but 150 miles to the east. 
Such a storm is well within the possibilities, 
Conceivably, such a storm could cause Chatta- 
nooga millions of dollars of damage, even with 
the present T.V.A. flood controls. As the 
Authority has warned on many occasions, the 
city must have supplemental dykes in order to 
achieve adequate protection from extraordinary 
rains and consequent floods. 

The effect of the Tennessee waters on the Ohio 
River is always a matter of considerable import- 
ance in cases of such heavy rains. The Kentucky 
dam, with the largest reservoir in the T.V.A. 
system, is the structure which regulates Tennessee 
River releases into the Ohio. In the early stages 
of run-off from the recent storm, the Kentucky 
dam was releasing approximately 300,000 cusecs 
from both turbines and spillways. This com- 
pares with a natural flow at that point of about 
320,000 cusecs, as computed by the US. 
Weather Bureau. releases were Co- 
ordinated with the forecasts of the U.S. Amy 
Corps of Engineers at Cincinnati and with U.S. 
Weather Bureau river forecasts originating in 
St. Louis. It became apparent that at the 
300,000 cusecs rate the Ohio would rise high 
enough to require the city of Paducah to close 
the gaps in its protective flood wall. This is not 
a dangerous stage from a flood point of view, but 
it involves an expense and an inconvenience to 
the city on account of some railway tracks and 
highways running through those gaps. To close 
the gaps means disrupting travel and communica- 
tions to that extent. Therefore, after consulting 
with the Corps of Engineers at Cincinnati, the 
T.V.A. reduced the Kentucky dam discharge to 
250,000 cusecs and Paducah was not required to 
block up its flood wall for this flood crest. 

It is of interest to note that, beginning with the 
March, 1936, flood, when only the Norris dam 
had been completed, the operation of the T.V.A 
multiple-purpose reclamation schemes has saved 
the city of Chattanooga alone a total of nearly 
53,000,000 dollars in flood damages. In addition, 
the T.V.A. reservoirs now increase the effective- 
ness of the Ohio and Mississippi dykes guarding 
some 12,000,000 acres in the Mississippi Valley. 
It is estimated that the average annual value of 
flood regulation by the T.V.A. reservoir system 


is about 11,000,000 dollars, more than half of 


which is situated outside the Tennessee Valley. 
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Overseas Trade 


The Board of Trade has now issued fuller 
ietails about overseas trade in April. Although 
there were Only twenty-four working days in the 
month, exports of United Kingdom goods 
ached a value of £244,800,000, which was 
| per cent below the monthly rate in the first 
quarter of this year. An important contribution 
‘othe April total was made by exports of engineer- 
ing products, which were valued at £99,000,000, 
or Sper cent above the monthly average for the 
frst quarter, and 13 per cent above the figure for 
April, 1954. 

Amongst engineering exports in April, road 
vehicles and aircraft took a foremost place, the 
value amounting to more than £32,000,000. 
Exports of cars to Canada, which usually show 
, seasonal increase at this time, were £400,000 
more in April than in January-March, though 
the value of cars sold to Canada so far this year 
isnearly £1,000,000 less than a year ago. Exports 
of cars, commercial vehicles and chassis to South 
Africa were also £400,000 above the monthly 
average in the first quarter. Car exports to 
Europe were much the same in April as in the 
preceding months of this year. In the machinery 
divisions, the Board of Trade states, exports in 
April were somewhat above the already high 
figures for the first quarter. The value of 
machinery exports, other than _ electrical, 
approached £40,000,000 in April, which was 
2 per cent more than the January-March average 
and 9 per cent more than in April, 1954. Exports 
of electrical machinery and apparatus in April 
were valued at nearly £17,000,000, which was 
5 per cent above the monthly average for the 
first quarter. 


Exports and Productivity 

In a statement which has been circulated with 
the annual report and accounts of British 
Insulated Callender’s Cables, Ltd., the chair- 
man, Mr. W. H. McFadzean, makes some com- 
ments on the influence of greater productivity 
upon a satisfactory export business. He says 
that the cable industry in Britain is at least as 
efficient, technically and otherwise, as its com- 
petitors anywhere, though the recent trend of 
certain costs in this country must cause concern 
to anyone with a vital interest in export business. 

Every reasonable company, the statement con- 
tinues, wants to pay a full and just reward for 
services rendered, but rewards must be measured 
by productivity in the broadest meaning of that 
word. This, Mr. McFadzean comments, is not 
just a question of wages to workpeople ; it 
involves everyone in industry, in the civil service, 
or wherever they may serve. For, he adds, “‘ it 
is not only costs more or less under our own 
control that matter, but vital indirect costs, such 
as coal and transport, in which in recent years 
there have been substantial increases ‘with 
almost monotonous regularity and with few, if 
any, compensating features.” 

Mr. McFadzean goes on to say that the various 
productivity councils, many trade union leaders, 
and many other people are doing splendid work 
in advocating increased efficiency, but there must 
be an even greater general effort until everyone 
not only accepts the theory of rewards being 
linked to productivity, but also actively prac- 
tises it. Only then, Mr. McFadzean observes, 
when we realise that the redistribution of existing 
wealth is no substitute for the creation of new 
wealth, shall we go from strength to strength in 
export markets. 


Productivity on British Railways 


At the end of last week it was stated that 
agreement had been reached between the British 
Transport Commission and the trade unions con- 
cerned for the establishment of a British Railways 
Productivity Council. The council will consist 
of eighteen members, including nine repre- 
sentatives of the British Transport Commission, 
two representatives of the Associated Society of 
Locomotive Engineers and Firemen, two repre- 
sentatives of the Confederation of Shipbuilding 
and Engineering Unions, three representatives 
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of the National Union of Railwaymen, and two 
representatives of the Transport Salaried Staffs 
tion. 

Among the terms of reference which have been 
agreed for the new council are that it shall initiate 
proposals, of general concern and application, 
for increasing efficiency, including the best use 
of manpower, and that it shall advise the Com- 
mission and the unions as to appropriate ways 
and means whereby such proposals may be 
applied to the best advantage. The council will 
also advise on matters referred to it concerning 
the railway modernisation and re-equipment 
plan. In addition, it is to review from time to 
time the working of the machinery for joint 
consultation at all levels of British Railways, and 
tender advice as to what steps are considered 
necessary to ensure that the machinery is 
effectively used. Another of the council’s terms 
of reference is ‘‘ to advise the Commission as to 
the possibilities of utilising the services of outside 
bodies or persons, such as the British Productivity 
Council, the British Institute of Management and 
suitable outside consultants, and also to advise 
as to the formation of representative teams to 
visit transport installations abroad and appro- 
priate industries at home.” 

It has been agreed that the council shall present 
half-yearly reports of progress made throughout 
the railway industry, for the information of the 
British Transport Commission, the railway area 
boards and the trade unions. The functions of 
the council, however, will not extend to the 
negotiation or settlement of terms and conditions 
of employment which are normally dealt with 
through the machinery of negotiation established 
for that purpose. But the council is not pre- 
cluded from suggesting the examination, through 
the machinery of negotiation, of any conditions 
of service which may warrant review. It is 
emphasised that the setting up of-the British 
Railways Productivity Council is not intended to 
prejudice the operation of existing arrangements 
for consultation and action at lower levels. 


Statistical Quality Control 


The European Productivity Agency of the 
Organisation for European Economic Co-opera- 
tion has announced that the first European con- 
ference on statistical quality control is to be held 
in Paris from July 11th to 13th. It will be 
attended by representatives of the United King- 
dom, the U.S.A., Belgium, France, Germany, 
Italy, the Netherlands, and Sweden. 

The Agency says that statistical quality control 
has quickly gained prominence in modern indus- 
trial life through the contribution it makes 
towards lowering costs and improving the quality 
of products. The lectures at the forthcoming 
conference will deal with the use of statistical 
quality control in management, training and 
experimental work, and on its technical applica- 
tions in industry. Full details of the conference 
can be obtained from national productivity 
centres or direct from the European Productivity 
Agency, 3, Rue André Pascal, Paris, 16¢. 


Railway Wages 


On Friday last, the executive of the Associated 
Society of Locomotive Engineers and Firemen 
announced its decision to call out on strike, as 
from midnight to-morrow, May 28th, those of 
it members employed on British Railways. 
This decision was taken after failure to reach 
agreement with the British Transport Commis- 
sion on the subject of wage differentials for foot- 
plate men and locomotive depot men who belong 
to A.S.L.E.F. 

Strike action over this issue was originally 
threatened for May Ist, after the executive of 
A.S.L.E.F. had refused to accept an award of 
the Railway Staff National Tribunal. That 
award amounted to a rejection by the tribunal— 
which is the final stage of the accepted negotiating 
machinery—of a claim for wage increases for 
locomotive men ranging from 1s. 6d. and 5s. 6d. 
a week. The executive of A.S.L.E.F. argued that 
these increases would restore the differentials 
between locomotive men’s wages and those of 
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other grades which had existed prior to the 
revised wage structure made in January. The 
strike notices for May 1st were postponed to 
permit talks on the question of differentials to 
be resumed. Those resumed talks ended on 
Thursday of last week, following the rejection 
by A.S.L.E.F. of revised proposals put forward 
by the British Transport Commission. The 
Commission offered to adjust the rates of drivers 
and motormen to relate their wages more closely 
to the degrees of skill and responsibility. It was 
suggested that drivers working the more 
important trains should receive an increase of 
5s. a week, and those engaged on other trains 
an increase of 2s. 6d. In addition, the Com- 
mission proposed that there should be a mileage 
allowance for all footplate men who worked 
trains over distances exceeding 80 miles a day. 
In the final stages of these resumed discussions, 
representatives of the National Union of Railway- 
men, of which a small proportion of the loco- 
motive men are members, participated. 
Although the N.U.R. was not prepared to accept 
the Commission’s proposals, its executive 
announced last Monday that it had instructed 
N.U.R. members not to take part in the strike 
threatened by A.S.L.E.F. 

On Monday, the Minister of Labour discussed 
the situation with Sir Brian Robertson, the 
chairman, and other members of the British 
Transport Commission, and with representatives 
of the Trades Union Congress. On the same day, 
T.U.C. representatives met members of the 
executive of the Associated Society of Loco- 
motive Engineers and Firemen. On Tuesday, 
the Minister of Labour received officials of 
A.S.L.E.F., and later it was stated that a further 
meeting between the Minister and the union 
representatives would take place. On Wednesday 
an invitation was extended by the general pur- 
poses committee of the Trades Union Congress 
to the National Union of Railwaymen and to the 
Associated Society of Locomotive Engineers and 
Firemen to joint talks aimed at resolving the 
dispute. As these notes go to press, however, 
there is no news that a satisfactory settlement has 
been reached. 


Stevedores’ Strike 


A strike of dock workers in London, Hull, 
Manchester and Liverpool began on Monday 
morning. The men involved are members of the 
National Amalgamated Stevedores and Dockers, 
which union has been pressing for representation 
on national and local joint councils in the port 
transport industry. The Transport and General 
Workers’ Union, to which the majority of dock 
workers befong, was not willing to agree to such 
representation. The dispute is thus solely a 
union one. In all the ports affected by the strike, 
members of the Transport and General Workers’ 
Union have continued at work. Nevertheless, at 
the beginning of the week it was estimated that 
about 18,000 stevedores were on strike, and that 
the loading or unloading of some 175 ships was 
consequently being slowed down. 

Some comments about the effects of dock 
strikes are made by Mr. Walter C. Warwick, 
chairman of Royal Mail Lines, Ltd., in a state- 
ment which accompanies the annual report. 
He expresses the hope that the causes of the 
unrest which still persists among the dockers at 
various ports will be satisfactorily eliminated. 
Recalling the setback caused by the dock strikes 
last autumn, Mr. Warwick says that it is not 
unnatural for shipowners to regard these strikes 
as a breach of faith, in view of the advantages 
which the stevedores and dockers derived from 
the decasualisation of the industry and the 
obligation arising therefrom to provide the labour 
necessary for the requirements of shipping. 
These requirements, Mr. Warwick acknowledges, 
are of necessity exacting at times, both to dock 
workers and their employers, but, he points out, 
it is essential for the well-being of the country, 
as well as the shipping industry, to avoid any 
hold-up in work on board ships. The aftermath 
of last year’s strike is still being felt, the statement 
adds, congestion and attendant delays at major 
ports being general. 
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Personal and Business 


Appointments 


GENERAL SIR KENNETH N. CRAWFORD, K.C.B., 
has been elected a director of Westland Aircraft 
Ltd., Yeovil. 

STEEL Suppiy Co. (EASTERN), Ltd., Bedford, states 
that its structural department is now in charge of 
Mr. M. H. A. Barry. 

Mr. E, L. Trirritt, A.M.I.C.E., has been appointed 
assistant civil engineer on the North Eastern Region 
of British Railways. 

Mr. R. B. WHALLEY has been appointed chief 
welding engineer of Metal and Pipeline Endurance 
Ltd., Chandos Court, Caxton Street, London, S.W.1. 

THE NORTHERN IRELAND MINISTRY OF COMMERCE 
has appointed Mr. D. H. Brown to be engineer in 
charge of plans for the use of nuclear energy in the 
generation of electricity. 

CaPTAIN R. E. Cowett has been appointed 
marine superintendent of the Peninsular and 
Oriental Steam Navigation Company, in succession 
to the late Captain A. Rodger. 

Mr. Lestie GAMAGE, vice-chairman and joint 
managing director of The General Electric Co., Ltd., 
has been re-elected president of the Institute of 
Export for the thirteenth successive year. 

METROPOLITAN-VICKERS ELECTRICAL Co., Ltd., 
states that Mr. W. F. Crowther has been appointed 
manager of the Hull sub-office and Mr. J. S. Hall, 
assistant manager of the Manchester office. 

A. A. Jones and SHIPMAN Ltd., Narborough Road 
South, Leicester, announces the appointment of 
Mr. T. Marshall as Yorkshire representative, in 
succession to Mr. J. A. Spokes who has left the 
company’s service. 

THE NATIONAL COAL Boarb states that Mr. R. J 
Moffat is to succeed Sir William McGilvray as director- 
general of marketing, on July Ist. Mr. Moffat 
has been deputy director-general of marketing 
(general) since September, 1946. 

Mr. G. H. THomas has been appointed vice- 
president of the Massey-Harris-Ferguson Company, 
and general manager of the Canadian division. 
Mr. G. M. Wells has been appointed assistant 
general manager, Canadian division. 

Mr. PETER RussELL, A.M.I.C.E., has been appoin- 
ted manager of the Scottish office of the Cement and 
Concrete Association, at 2, Rutland Square, Edin- 
burgh, in succession to Mr. F. Anderson, who is 
retiring after twenty-eight years’ service. 

THE BRITISH TRANSPORT COMMISSION states that 
Mr. R. F. Hanks, vice-chairman of the Nuffield 
Organisation, has been appointed an additional 
member of its Western Area Board. Mr. Hanks is 
to become chairman of the Board on July Ist. 

Mr. J. R. Mackay has been appointed managing 
director of Richardsons, Westgarth and Co., Ltd., 
in succession to Sir Summers Hunter, who is retiring 
from that position on July 31st. Sir Summers will 
continue to serve on the board of the cempany. 

THE British THOMSON-HousTON Co., Ltd., Rugby, 
announces the following appointments : Mr. D. R. S. 
Turner, A.M.LE.E., manager of the Larne works, 
Northern Ireland; Mr. S. J. Clarke, manager of 
the Manchester district office, and Mr. F. C. Barford, 
M.I.E.E., manager of the Birmingham district office. 

Mr. C. A. Corpitts has been appointed chief 
engineer of the Canadian Pacific Railway Company. 
He joined the C.P.R. in 1926 and has been assistant 
chief engineer since 1951. Mr. W. J. Furlong has 
been appointed foreign freight traffic manager at 
Montreal, in succession to the late Mr. K. M. 
Fetterly. 

Mr. GeorGE HACK is to become general manager, 
in August, of the engine division of the Bristol 
Aeroplane Company Ltd. He will succeed Mr. 
George Wright who is taking up an appointment 
as executive director of The Asquith Machine Tool 
Corporation Ltd., and certain of its subsidiary 
companies. 

SENTINEL (SHREWSBURY) Ltd., announces. the 
appointment of Mr. J. T. Rymer as chairman. He 
will continue as managing director and has also been 
appointed to the board of Metal Industries Ltd., 
the parent company. Mr. R. W. McCrone is retiring 
from the boards of Metal Industries Ltd., and 
Sentinel (Shrewsbury) Ltd., of both of which he has 
been the chairman. 


THE Monpd NICKEL Company Ltd., announces 
the following appointments: Mr. L. K. Brindley, 
deputy chairman of The Mond Nickel Company 
Ltd., and Henry Wiggin and Company Ltd.; Mr. G. 
Archer, managing director of The Mond Nickel 


Company Ltd.; Mr. R. A. R. Hill, director and 
comptroller of The Mond Nickel Company Ltd., and 
Henry Wiggin and Company Ltd.; Mr. F. B. 


Howard-White, director and secretary of Henry 
Wiggin and Company Ltd., and secretary of The 
Mond Nickel Company Ltd.; Mr. J. O. Hitchcock, 
sales director of The Mond Nickel Company Ltd., 
and Mr. F. Dickinson, manager of the development 
and research department. Mr. I. A. Bailey is moving 
his headquarters from Birmingham to London where 
he will continue as a director of The Mond Nickel 
Company Ltd., and as managing director of Henry 
Wiggin and Company Ltd. Dr. L. B. Pfeil, F.R.S., 
has relinquished his appointment as manager of the 
development and research department in order to 
devote himself more fully to his duties as a director. 


Business Announcements 


ALLEN-BOWDEN Ltd., has moved to Anfield 
House, Russell Terrace, Leamington Spa.  (tele- 
phone, Leamington Spa 1341). 


Mr. E. Bruce BALL has resigned from the office 
of managing director of Glenfield and Kennedy 
Holdings Ltd., and from the boards of that company 
and its subsidiaries. 


THe ENGLISH ELECTRIC COMPANY L1td., states 
that it has established a special department at 
Whetstone, near Leicester, to deal with atomic power 
station development. Mr. P. H. W. Wolff has been 
appointed chief engineer in the department. 


Miscellanea 
‘* SILENTVENT ’’ Motor.—In our issue of March 25th, 
page 423, we described a Lancashire Dynamo “ Silent- 
vent ’’ motor as being fitted with forced-oil-lubricated 
bearings. We learn from the maker that this statement 
is incorrect and that the bearings do not require forced 
lubrication. 


Quick CHANGE CHUCK ACCESSORIES.—The ie 
of the “ Archer ’’ quick-change chuck made by Frank 
Guylee and Son, Ltd., Millhouses, Sheffield, for drilling 
and reaming operations has been widened to cover 
tapping, studding, nut-driving and external threading 
operations by the introduction of new accessories which 
have a collet shank to fit the chuck. 


INTERNATIONAL CONGRESS ON PRESTRESSING.—Final 
arrangements have now been made for the second 
congress of the International Federation of Prestressing, 
which is to be held at Amsterdam from August 29t 
to September 2nd next. The various technical questions 
of the congress are concerned principally with prestressed 
concrete construction. Various tours and visits are also 
to take place. Further details may be obtained from the 
Secretary of the Prestressed Concrete Development 
Group, 52, Grosvenor Gardens, London, S.W. 


FILM ON PLastics.—Last week we were present at the 
first showing of a film entitled ‘“‘ To Shape Tomorrow,” 
which has been produced by Bakelite Ltd., 12-18, 
Grosvenor Gardens, London, S.W.1. The film depicts 
the varied uses of four of the company’s products, 
namely, foundry shell-moulding resins and polyester 
resins, and “* Vybak ’’ vinyl materials and ‘* Warerite ’’ 
decorative laminates. The film, which is in colour, is 
available on loan in 35mm and 16mm gauges ; its run- 
ning time is twenty-seven minutes. 


ADJUSTABLE PILLAR STILLAGES.—To facilitate the 
handling and storage of components of irregular shape 
and size, A. E. Griffiths (Smethwick), Ltd., of Birming- 
ham, has introduced a stillage fitted with adjustable 
pillars. Two sizes of the stillage have been constructed 
to suit requirements of manufacturers, and with them 
products of any shape can be accommodated and stored 
quite safely one above the other to a reasonable height. 
In the new stillages the square tubular corner pillars are 
fitted with internal sliding members which can be raised 
and fixed in position by bolts to give the required head- 
room above the stillage frame. 


STANDARDS AND MEASURING EQUIPMENT -FOR ELEC- 
TRICAL RESEARCH AND TELECOMMUNICATION ENGINEER- 
ING.—A book which is something more than a catalogue 
and is entitled ‘‘ Standards and Measuring Equipment 
for Electrical Research and Telecommunication Engi- 
neering,’ has been published by H. W. Sullivan, Ltd., 
Leo Street, Peckham, London, S.E.15. It contains a 
reprint of an article ‘‘ Standards and Standardisation,” 
by the company’s chief engineer. The remainder of the 
book deals with standards of resistance and inductance, 
both fixed and variable ; wavemeters and calibrated 
oscillators, and galvanometers and shunts. 


ATMOSPHERIC POLLUTION RESEARCH.—In reply to a 
recent question in Parliament, the Parliamentary 
Secretary to the Ministry of Works, Mr. Bevins, said that 
the Medical Research Council was undertaking an 
extensive programme of work on the effects on health of 
atmospheric pollution, including pollution by éngine 
exhaust fumes. A working party on the constituents 
of atmospheric pollution and means of protection against 
it had recently been appointed to co-ordinate these 
studies. New methods were being sought to determine 
the gases present in the atmosphere, and it was hoped 
to apply these methods soon in London and possibly 
other centres. Mr. Bevins added that it was also planned 
to undertake blood estimations on men who were 
exposed to vehicle exhaust fumes for long periods. 


SWITCHGEAR FOR THE DAMODAR VALLEY ScuHeyp— 
With reference to our article on the Damodar Valley 
Project, and the list of contractors given on page $12 al 
our April 15th issue, we have been informed by Ferguson 
Pailin Ltd., that this company supplied nearly all the 
132kV bulk oil circuit breakers. We regret the error, 


WELDING QUALIFICATION Cobe.—The British Stang. 
ards Institution, 2, Park Street, London, W.1. has pyp. 
lished a booklet entitled “ Information on the Canadian 
Welding Qualification Code,”’ which is the outcome of 
discussions to establish means whereby Certification 
could be obtained in the United Kingdom. Proposa\; 
for a simplified procedure have been accepted by the 
Canadian Welding Bureau and the booklet sets out in 
detail both the procedure adopted for Canada fo, 
certification of welded fabrications and the arrangements 
now agreed for carrying out this work in the United 
Kingdom. 


ELECTRONIC GRINDING INDICATOR.—An electronic 
grinding indicator introduced by B. O. Morris, Ltd., of 
Briton Road, Coventry, is designed to indicate the precise 
instant of wheel and work contact to an operator when 
grinding wet. The instrument comprises a cathode-ray 
tube excited through a vibration pick-up, which js 
mounted on the machine in such a position that the 
instant the grinding wheel touches the work, the resultant 
vibration shows on the tube as a brilliant vee. The 
operator can, therefore, very accurately pick up his 
point of contact after redressing the wheel, or other 
similar operation. The instrument weighs 12 |b and the 
cathode-ray tube and the electronic apparatus is enclosed 
in a box. It is operated from the mains and responds to 4 
frequency from 4 to 30 kc/s. 


SELF-PRIMING FIRE-FIGHTING PUMP.—A _ new elf. 
priming fire pump introduced by Pegson, Ltd., of Coal. 
ville, Leicestershire, known as the “* 27 HC-1D ”’ pump, 
can be speedily converted from a stationary into a mobile 
set simply by bolting the ——— on to a trailer frame. 
Designed primarily for fire-fighting applications, the 
pump is directly coupled to a Petter diesel engine giving 
a compact and easily manceuvrable set. The suction 
branch is screwed 3in London Fire Brigade round thread 
and is provided with a chromium-plated blanking-off 
cap and chain. The twin discharge branches take 2}in 
instantaneous couplings and incorporate hand-operated 
infirmary pattern flow-regulating valves. The pump 
incorporates ‘ Pegson-Marlow *’ diffuser priming, 
whereby self-priming is obtained without any auxiliary 
mechanism, and it has a separate impeller and diffuser 
which can be easily replaced. The trailer supplied for the 
pump is equipped with steady legs fore and aft for 
stability, pneumatic-tyred wheels, and over-run braking. 


MopDEL INVESTIGATIONS OF TEMA HARBOUR AND 
BREAKWATER.—The Hydraulics Research Station at 
Wallingford has contracted to carry out two investiga- 
tions for Sir William Halcrow and Partners, for the 
proposed harbour at Tema, on the Gold Coast. One 
investigation will be carried out on a large model of 
Tema harbour, built to an undistorted scale of 1/120. 
This model will be used in studying the behaviour of 
long and short-period waves in and around the harbour, 
so as to ensure that ships will be suitably protected from 
wave action. The present design of harbour in its 
various stages of development will be tested in the model 
and, subsequently, the effects of shortening the break- 
waters, oad of other modifications, will be examined. 
The model, and its associated equipment, is now under 
construction. The other investigation is concerned with 
the stability of the breakwaters of Tema harbour. These 
breakwaters will be constructed of large rubble and will 
inevitably be subjected to severe wave action. Their 
behaviour under storm conditions is at present being 
studied on a model of a typical section of the breakwater 
built in the 54ft wave tank to an undistorted scale of 
1/40. The tests will indicate in what way the “4 
rocks—which will form the greater part of the break- 
water—should be arranged and graded so that they will 
remain undisturbed by the largest waves. Various 
modifications of the original design are also being tested 
to minimise over-topping of the breakwater by waves. 





British Atomic ENERGY EXHIBITIONS AT GENEVA.— 
The United Kingdom is to hold two exhibitions on the 
peaceful uses of atomic energy in Geneva from August 
8th to 20th, coinciding with the International Conference 
of Scientists, under the auspices of the United Nations. 
One exhibition, which will be intended age ge 
members of delegations, will be staged by the United 
Kingdom Atomic Energy Authority at the Palais des 
Nations. It will be mainly concerned with nuclear 
reactors for research and for the generation of power, 
and with specialised instrumentation which Britain has 
developed in this field. The second exhibition, in the 
Palais des Expositions, will be open to the public and 
will provide a survey of the peaceful applications of 
atomic energy in Britain, including Britain’s first atomic 
power station, now being built at Calder Hall, the ten- 
year nuclear power station programme, isotope appli- 
cations in industry, medicine and agriculture and 
nucleonics. Associated with this central theme will be 
exhibits presented by British firms concerned wit 
atomic energy development. To co-ordinate the com- 
mercial exhibits a central committee has been formed, 
under the chairmanship of Mr. Eric H. Underwood, 
C.B.E., Director of Public Relations to the Authority. 
It includes representatives of the Federation of British 
Industries, the nucleonics industry, civil engineering 
contractors, boiler-makers and manufacturers of elec- 
trical and generating equipment. Inquiries for space 
at the exhibition should be addres: to Mr. N. 
Campbell, Oxford House, 9-15, Oxford Street, W.! 
(GERrard 7031) before June 8th. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
mt is not illustrated the specification is without drawings. 

oy first given is the date of application ; the second date, 
at the end of the abridgment, is the date of publication of the 


ification. 
oe 7 specifications may be obtained at the Patent Office 


Sales Branch, 15, Southampton Buildings, Chancery Lane, W.C.2 
4s, 8d. each. 


ELECTRICAL ENGINEERING 


75,157. January 28, 1953.—COoMMUTATORS FOR 
FLECTRICAL APPARATUS, The British Thomson- 
Houston Company, Ltd., Crown House, Ald- 
wych, London, W.C.2.  (Jnventor: Arthur 
Hossle.) . 

The invention relates to commutators for dynamo- 
dectric machines operating at high speeds and sub- 
to high temperatures. It provides that the 
commutator segments are so anchored that they are 
free from end load under all conditions and are 
firmly secured to the shaft of the machine. As the 
drawing shows, the commutator consists of insulated 

nts A, which may 
beof copper or other 
material. Lugs B are 
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side of the lugs is tap- f£ 
ered so that the dia- 
meter at the outer ends 
is greater than at the 
points at which they 
join the main bar. A 
ring C of suitable 
material is fitted over 
the lugs at each end 
and these rings have a 
series of radial slots cut 
in them at regular in- 
tervals, leaving a solid 
rim D holding the 
series of segments so 
formed together. The 
rings are insulated 
from the bars by insulating material E. A nut F 
having an internal tapered screw thread mating with 
that on the ring C is screwed on to it, exerting radial 
pressure on the segments of the ring and on the lugs 
of the commutator bars. By suitably tightening the 
nuts the commutator bars are rigidly supported at 
each end. The nut F at the upper end of the com- 
mutator shown in the drawing is formed with a sleeve 
G extending through the bore of the commutator 
providing a convenient means of locating the other 
nut concentrically. The lower nut is a sliding fit on 
the sleeve and permits relative movement between 
the nut and sleeve should expansion take place 
within the assembly due to changes in temperature, 
thus preventing the imposition of end loads on the 
commutator bars. The tapered surface of the lugs B 
ensures that the ring C, insulation E, and nuts F are 
securely retained on the lugs. The interior edges of 
the commutator bars may be insulated from the 
sleeve G by means of a tube of suitable insulating 
material H.—March 2, 1955. 


Wh | 


. 
SSS NSS SSUES ES See ee eee eee ene 









Ws 





VY 


SS SS SS SEES SENSES ES 







No. 725,157 




























728,061. April 3, 1952.—ELECTROSTATIC PRECIPITA- 
TION OF Dust, The Electric Construction Com- 









pany, Ltd., Bushbury Engineering Works, 
— (Inventor: John Charles 
line, 






The invention is concerned with the electrostatic 
precipitation of small particles suspended in gas, such 
as smoke and tar in the air. It has been found that 
negative potentials of the frequencies between 25 and 
120 pulses per second are of such a duration as to 
impart sufficient velocity to the particles towards the 
tarthed casing of the precipitating chamber for them 
‘0 be precipitated. Referring to the drawing, a 
single-phase, 50-cycle alternating current supply A 
feeds the transformers B and C in parallel through 
an induction regulator D. The primary winding E of 
transformer B has a number of tappings F to enable 
is Output voltage to be changed for a given input 
voltage. Transformer C is an auto-transformer, the 
output of which is controllable by means of a number 
of tappings G, and feeds the primary winding of a 
further transformer H. The output from the 
secondary winding J of transformer B feeds a full- 
wave rectifier bridge K, the output of which is con- 
nected in series with the secondary winding L of 
transformer H to the electrodes M of an electrostatic 
Precipitator ; these electrodes are shown only 
lagrammatically, as the construction of the pre- 
Cipitating chamber is of known type and forms no 
part of the invention. The rectifier bridge K is con- 
nected with its negative side to the secondary winding 
Lof the transformer H, and its positive side is con- 
nected through a milliammeter N to the earthed 
casing P of the precipitating chamber. The ratios 
of the transformers B, C and H are selected so that 
the peak-to-peak voltage appearing across the 
scondary winding L of transformer H is rather more 
than double the unidirectional voltage across the 
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output of rectifier bridge K. The relative ratio of 
these two voltdges may be altered by changing the 
tapping G on the auto-transformer C or the tapping F 
on the primary winding E of the transformer B. The 
overall values of these voltages are controllable to- 
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gether by the induction regulator D, and the trans- 
former ratios are such that a maximum obtainable 
peak-to-peak voltage across the secondary winding 
J of transformer H is of the order of 70kV. Ina 
typical precipitator, of the type at present in use, when 
the electrodes have a steady voltage applied to them 
of 30kV, the peaks due to the ripple normally 
present may be 37kV, and the average current passed 
is 25 milliamperes.—April 13, 1955. 


726,060. January 13, 1953.—DyNamMo ELECTRIC 
Macuines, C. A. Parsons and Co., Ltd., of 
Heaton Works, Newcastle upon Tyne, 6. 
(Inventor : Philip Richardson.) : 

The invention relates to an improved use of ring 
windings for polyphase electrical machines and more 
particularly of rotating polyphase electrical machines. 
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The drawing shows a two-pole, three-phase dynamo 
electric machine showing the stator core A in which 
the slots B around the stator bore contain the active 
conductors, which for convenience are shown as two 
conductors per slot, and while the winding is shown 
as a short-pitched winding, the equivalent winding 
pitch may be decided in accordance with recognised 
practice. The groups of conductors containing an 
equal number of ampere conductors of each phase are 
shown at the outer periphery and may be grouped 
external to the stator core as at C, partially within 
the stator core as at D, or wholly within the stator 
core as at E. The manner of grouping the con- 
ductors of each phase is not important provided 
they are so physically related that their resultant 


field is minimised and they may be arranged con-- 


tiguously or concentrically. The number of groups 
of conductors around the outer periphery may be 
varied in relation to the number of active slots around 
the inner periphery by grouping or subdividing the 
active conductors in a suitable way. Alternative 
arrangements are shown in the  specification.— 
March 16, 1955. 


PUMPS 


729,044. April 30, 1952.—RoTary Pumps, Victor 
Donald Grant, Berwyn, Hampton Hill, Welling- 
ton ; and Charles Alec Prince, The White House, 
Astbury Lane, Chelmarsh, near Bridgnorth. 

The object of the invention is to provide a pump 
adapted to deal with abrasive-carrying liquids. 

Referring to the drawing, the housing A consists of a 

main part in which are formed two intersecting 

cylindrical chambers B, an inlet C, and. an outlet D 

being provided at opposite sides. The ends of the 

body are closed by covers E. Within the housing is a 

lining F made from rubber or other abrasive-resistant 

flexible material. The lining has a pair of cavities 
for the impellers, and at its edges is provided with 
flanges G which are secured between the housing and 
the end covers. Each impeller H in the example 
shown is of trian form. and along each angle is 
formed a longitudinal groove J which carries a roller 

K in contact with the lining. Each impeller is made 

trom a pair of similar coaxial halves having the 

peripheral form shown with three flat surfaces L in 
triangular relationship extending along the greater 
part of the length. leaving at one end a part which is 








7159 







of cylindrical form excepting where it is intersected 
by the extremities of the roller grooves J and by bevels 
M at the extremities of the flat surfaces. Each 
impeller is mounted ona spindle N and the two spindles 
are interconnected by gear wheels at the outer side 
of one of the covers. One of the spindles is adapted 
to serve as the driving spindle for both impellers. 
The lining is such that it hugs both impellers, and 
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consequently assumes the form of two interconnected 
triangles, which at their angles are pressed by the 
impeller rollers into close contact with the peripheral 
surfaces of the cylindrical chambers in the housing, 
leaving spaces between the flat sides of the triangles 
and the surfaces, as can be seen in the lower view. 
During rotation of the impellers the lines of contact 
between the lining and the chambers travel around 
the peripheral surfaces of the chambers, so setting 
up the desired pumping action, and causing the liquid 
to flow from the inlet to the outlet—May 4, 1955. 


BURNERS AND SPRAYERS 


729,108. September 28, 1953.—ATOMISER FOR OIL 
BurRNING, Auto-Combustions (London), Ltd., 
318, Clapham Road, London, S.W.9. (nventor : 
Ronald Percy Marlow.) 

As the drawing shows, the burner consists of a 
cylindrical body A, an inner nozzle B screwed into 
the body, an outer nozzle formed by a cap C screwed 
on to the body, an oil supply passage D in the body, 
and another passage E in the body for the supply of 
compressed air or steam. The inner nozzle has a 
flared mouth F made in the shape of a cone having a 
vertical angle of about 60 deg., communicating at its 
narrow end with the oil supply passage D. The inner 
nozzle is thus surrounded by the front cap C con- 
stituting the outer nozzle which co-operates with the 
inner nozzle to form an annular pressure chamber G 
to which the compressed air or steam is admitted 
through the mouth H. The nozzle cap C co-operates 
with the inner nozzle B to form an outer annular 
nozzle discharge gap J designed to produce a con- 
vergent annular jet surrounding the outlet F from the 
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inner nozzle. The wall of the flared mouth of the 
inner nozzle is pierced by a number of holes K con- 
necting the interior of the nozzle with the annular 
chamber G, and through these passages compressed 
air or steam enters. The passages are so inclined that 
the air or steam receives a rapid gyratory motion so 
that the oil is reduced to a very thin film which flies 
from the tip of the flared mouth in a finely atomised 
condition. Additional air or steam is supplied to the 
jet by a second stream issuing through the annular 
discharge gap J and meets the oil stream at the top 
of the inner nozzle. The quantity of additional air 
or steam is preferably made adjustable by constructing 
the outer nozzle cap C so that the width of the annular 
gap at J can be varied by screwing the front cap 
forwards or backwards on the body.—May 4, 1955, 


STEAM AND GAS TURBINES 


— May 8, 1952.—Tursine CYLINDER JoINTs, 
ms and Marine Engineering Turbine 
Kvedbeines and Development Association, Pame- 
trada Research Station, Wallsend-on-Tyne. 
(Inventor : Henry George Yates.) 
ing the invention into effect as applied 
to a turbine inner cylinder of cylindrical or conical 
form, shown in the drawing, on the two halves A and 
B of the cylinder, comparatively narrow continuous 
ledges C and D are provided and a number of ribs 
or arms E and F are cast with or welded to the 
cylinder halves, and extend from them in a radial 
direction sufficiently far to enable clamping forces to 
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hold the composite cylinder circular. The ribs E 
incorporate ledges G whilst the ribs F incorporate 
ledges H ; a limited number of the latter ribs also 
embody extensions J for being carried on supports K. 
The forces required to hold the two halves of the 
cylinder together are applied at the ledges G, C, H 
and D, by means of clamp jaws L and M, which are 
tightened on to the ledges by bolts and nuts, as 
shown. The outer ends of the ribs are in contact 
when the two halves of the cylinder are butted together 
and are pressed together by the outer ends of the 
clamp jaws. Successive pairs of ribs E and F are 
clamped by two securing bolts N. Such a joint 
fulfils both of the desired functions and involves a 
very much smaller mass of metal integral with the 
cylinder halves than in the usual arrangement. A 
modified design is also shown in the specification.— 
April 20, 1955. 


STEAM GENERATORS 


728,373. September 29, 1952.—A Hor Arr IMPELLER, 
John William Thorp, 14, Inghead Terrace, Cross 
Roads, Shelf, Near Halifax. 

The invention relates to a hot air impeller for 
attachment to the front plate of a steam generator 
such as a Lancashire or like boiler. As shown in the 
drawing, a fan chamber A with openings on its outer 
face is mounted on to the front plate B of a boiler 
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and covers an air delivery outlet C which leads to a 
hot air chamber D situated in a high temperature zone 
above and in front of the fire-bars. Leading from 
the hot air chamber are a number of passages E 
at different levels through which streams of secondary 
air pass. Entering the fan chamber is a steam pipe F 
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which terminates within the chamber in the form of a 
nozzle of about jin in diameter. Leading from the 
fan chamber, in a position approximately opposite 
to the steam inlet pipe, is an exhaust pipe G. The 
steam exhaust pipe leads to an opening in front of 
and underneath the fire-bars. To obtain more efficient 
combustion of fuel, steam is directed on to the fan 
which it rotates to draw air in and expel it into the hot 
air chamber, where the air becomes heated. The 
hot air is expelled from the hot air chamber, through 
the passages E, and over the fire-bars. Steam exhaust- 
ing from the pipe in front of and underneath the 

bars E mingles with primary air which passes 
between the fire-bars and to the fire—April 20, 1955. 





British Standards Institution 


All British Standard Specifi can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1, 


STEAM TURBINE OILS 


No. 489 : 1955. Price 7s. 6d. This standard was 
first published in 1933 under the title “‘ Turbine Oils ” 
and specified requirements for straight hydrocarbon 
oils of petroleum origin, without additives, for use 
in turbines. 

Modern practice now requires the use of oils con- 
taining additives, which are designed to inhibit 
corrosion of plant and to retard oxidation of the oil. 
The standard has therefore been completely revised 
under the authority of the Petroleum Industry 
Standards Committee, and now covers oils containing 
additives for use in steam turbines. The title of the 
standard has accordingly been amended. In this 
revision viscosity is expressed in centistokes at 
100 deg. and 210 deg. Fah. in order to conform to 
modern practice. The appropriate corresponding 
Redwood No. 1 figures are inserted for convenience 
only and will be omitted from future editions. The 
grade of each oil is defined by the viscosity range at 
100 deg. Fah. The four grades have viscosity ranges 
differing little from those in the 1933 edition. The 
maximum viscosities at 70 deg. Fah. have been 
omitted from the specification, since the oils are 
ey. specified by the range at 100 deg. Fah. 
and the minimum value at 210 deg. Fah. However, 
for general guidance, values at 70 deg. Fah. are given 
which represent the maximum viscosities attainable 
by oils meeting the other requirements. In addition, 
to relate the new values to those in the previous 
specification, the approximate ranges of viscosity at 
140 deg. Fah. are given in the note following Table I. 
The minimum values at 210 deg. Fah. are chosen so 
that the oils are no thinner than those defined by the 
values at 200 deg. Fah. in the 1933 edition. Tests 
have been added, and limits changed, to suit the 
additive oils that will now be provided under this 
specification. 

The standard covers four grades of lubricating oils 
for steam turbines—light, medium, heavy and extra 
heavy. 


GENERAL REQUIREMENTS FOR THE METAL- 
ARC WELDING OF WELDABLE STRUC- 
TURAL STEEL TUBES 


No. 938 : 1955. Price 4s. The previous edition of 
this standard was prepared at short notice during the 
war and was based largely on B.S. 538, “ Metal-arc 
Welding in Mild Steel as Applied to General Building 
Construction.” This latter standard has since been 
superseded by B.S. 1856, “‘ General Requirements for 
the Metal-arc Welding of Mild Steel,” “and an amend- 
ment to B.S. 449, “* Use of Structural Steel in Build- 
ing,” will shortly be published to cover the use of 
tubular steel for building construction. For that 
reason there is, therefore, a demand for an up-to- 
date version of B.S. 938. 

B.S. 1856 based its requirements for eg org 4 in 
terms of chemical composition, whereas B.S. 938 : 
1955 is based entirely on mechanical properties, the 
chemical composition being unrestricted. The steel 
tubes comply with B.S. 1775, “Steel Tubes for 
Mechanical, Structural and General Engineering 


Purposes.” 








LincoLn Roap Viabuct.—A scheme costing £668,000, 
to provide a traffic route clear of level crossings through 
the centre of Lincoln, has just been approved b 
John Boyd-Carpenter, Minister of Transport and Civil 
Aviation. The Ministry will contribute about £490,000 
towards the cost, it is stated, and work is ex, to 
start within the next : ‘months and to about 
two — a half y traffic through 

i Hien Sere Street (A.15) and Pelham 


Linco by the 

Street ‘B 1188). Both are crossed on level by a 
lines which cause Conemeies and serious delay to t 
particularly in the High Street, where there are two level 
crossings. The new plan will ‘do away with the crossin 
in Pelham Street by the construction of a viaduct an 
bridge having a to’ ee of 288 yards. At the northern 
end of the viaduct and slightly above the present road 
level there will be a roundabout and a short 
linking road with a one-way traffic system to connect with 
some existing side roads. 
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Catalogues 
KwikrorM, Ltd., Waterloo Road, Birmingham, 5 
Booklet on a new unit frame scaffolding. & 


Georce Kent, Ltd., Luton, Beds.—Booklet givin 
short survey of Kent instruments and service. gi 


HOLoPHANE, Ltd., Elverton Street, \¥estmin 
London, S.W.1 .—Leaflet on industrial light jug. m 


Simon Carves, Ltd., Cheadle Heath, 
Booklet on site exploration and soil mechanic 


Davey, PAXMAN AND Co., Ltd., Colchest«: 


St oko 


—Publica. 
“il traction, 
Worcs, 
producers < ind cleaning 


Gipsons Brortuers, Ltd., Dibdale, Dudley, 
Booklet. describing ‘‘ Heurtane "’ 
plant. 

REDFERN’S RuBBER Works, Ltd., Hyde, 
Booklet entitled “ Better Results with Red: 
ings.”’ 

RENOLD CHAINS, Ltd., Renold House, Wythenshawe 
2 ganas -—Booklet describing the uses of Renoij 
chains 


THe ENGLISH Etectric COMPANY, Ltd.—Brochyr 
illustrating and describing motors for power statio, 
auxiliaries. 


LANCASHIRE DYNAMO AND CRrypPTO, Ltd. » Trafford 
Park, Manchester, 17.—Price list of standard ‘a.c, indus. 
trial electric motors. 


THe CAPE Ac Company, Ltd., 114-116, Pari 
Street, London, W.1.—Leaflet describing “ Vermiculyx * 
exfoliated vermiculite. 

Birec, Ltd., Tyburn Road, Erdington, Birmin 
24.—Leafiet describing the Birlec electrodryer moisture 
absorbers for process use. 

COLTON ELECTRICAL EQUIPMENT COMPANY, Lid. 
Moor Lane, Cranham, Upminster, Essex.—Catalogu: 
No. 12 of electric overhead line material. 


AMES CROSTA MILLS AND Co., Ltd., Moss lronworks. 
Heywood, Lancashire. —Booklet No. *W.21, illustrating 
A.C.M. equipment for the treatment of trade effluents, 

THOMAS ROBINSON AND SON, Ltd., Railway Works, 
Rochdale.—Descriptive leaflets of the Robinson chain 
cutter and hollow chisel mortiser and saw bench with 
rising and falling table. 


Cheshire — 
mm Mould. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informe 
tion should reach this office not later than a fortnight before the 
meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


CHEMICAL SOCIETY 
Thurs., June 2nd—CrnNTENARY LecruRE: Burlington House, 
rena. London, W.1, “ Chemical Effects of Steric Strains,” 
wn, 7.30 p.m. 


ELECTRIC RAILWAY SOCIETY 


Sat., June 4th.—Visit to Stonebri Park Power Station and 
Repair Sheds. Stonebridge Park Station, 1.40 p.m. 


INCORPORATED PLANT ENGINEERS 
To-day, May 27th.—BiRMINGHAM BRANCH : Imperial Hotel 
Birmingham, “ Steam in Industry,’’ L. A. Bawden, 7.30 p.m. 
Tose, , June 7th—LoNDON BraNcH: Royal Society of Arts 
John Adam Street, fa. London, W.C.2, A talk on Work 
Study by a member — British Productivity Council, 7 p.m 
——MANCHESTER NCH : Engineers’ Club, Albert Square 
Manchester, Open Meeting, 7.15 p.m. 
Thurs., June 9th.—N.E. BRANCH : 
Street, Newcastle upon Tyne, 
Northcroft, 7 p.m. 


INSTITUTE OF INDUSTRIAL ADMINISTRATION 
Wed., “9 1st, 8th, 15th and 22nd.—LONDON BRANCH :_ Fyvit 
Hail, The Polytechnic, R t Street, London, W.1, —_ 
t Lectures, “ Practice of General Manage- 
a 6.30 p.m. 


Roadway House, Oxford 
“Steam for Process,” L. G 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Thurs., June 9th.—YorKsHIRE CENTR' Afternoon visit to 
Hepworth and Grandage, Ltd., St. John’s Works, Bradford, 
Yorkshire. 

Thurs., June 16th.—LONDON CENTRE: Day visit to the Mane 
politan Police Motor Driving School, Hendon, London, N.W 


INSTITUTION OF CIVIL ENGINEERS 


Tues., June 7th.—Great George Street, Westminster, London 
S.W.1, Annual General Meeting, 5.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 
Mon. to Sat., June 6th to 11th.—Summer Meeting in Scotland. 


INSTITUTION OF NAVAL ARCHITECTS 


Thurs., June 9th.—Weir Lecture Hall, 10, Upper Belgrave Stree, 
London, $.W.1, “The Influence of Dimensions on the Be 
haviour of Partial Superstructure,’’ W. Mi 1 
$. _—— Plating for Ships’ Bulkheads,” J. B, Caldwel 
4.45 p.m 


SOCIETY OF CHEMICAL INDUSTRY 


Fri., June 3rd.—Café Royal, Regent Street, London, W.1, Annu! 
General Meeting, 6.15 p.m., Annual Dinner, 7.30 p.m. 


WOMEN’S ENGINEERING SOCIETY 


Wed., June von ne me ag BRANCH: Engineers’ ol 
Manchester, Annual General Meeting 2" 
Film Show, 6.45 p.m. 








